/"

ROTATING BAND TORQUES AND STRESSES ON

COPPER BANDED PROJECTILES
Michael R, Kane

Rock Island Arsenal
Rock Island, Illinois

May 1975

AD-A012 237

AMCAWS 30MM

~

-

\\

DISTRIBUTED BY:

~[

N

National Technical Information Service
U. S. DEPARTMENT OF COMMERCE

j




204037

ADAO12237

]
H

R~TR~75-022
ROTATING BAND TORQUES AND
STRESSES ON AFCAWS 30'M
COPPER BANDED PROJECTILES
MICHAEL R. KANE
DD C

MAY 1675

r\r:mr'“ SR
‘ ’f' JUL 9 1975

Hi. ]
Udulﬂuh U S

t
i

j

FINAL REPORT

AIRCRAFT & AIR DEFENSE WEAPONS
SYSTEMS DIRECTORATE

_Distribution Statement

Approved for public release; distribution unlimited.

Reproduced by

NATIONAL TECHNICAL
INFORMATION SERVICE

US Deopartment of Commorce
Spnrohield, V4, 22151

GENERAL THOMAS J. RODMAN LABORATORY

ROCK ISLAND ARSEMAL
ROCK ISLAND, ILLIHOIS 61201




(Uisiiwequt ando p ci el o

by

2lasig?

ACCESSOR /
WM Sitomn !/

¥IS

gIe Wt Locte [
Ur¥ 2SR L
ASTECATION e

3

BISTRHTIGN AYRILAINITY CO2ES

‘bm_ CRREG n o SHECAL

0 |

The findings in this report are not to be construed as an official
Department of the Army position, unless so designated by other
authorized documents.

DISPOSITION INSTRUCTIONS

Destroy this report when it is no longer needed.




Unclassified

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

READ INSTRUCTIONS
REPORT DQCUMENTATION PAGE BEFORE COMPLETING FORM
. REPORT NUMBER 2. GOVT ACCESSION NOJ 3. RECIPIENT’S CATALOG NUMBER
R-TR-75-022 A o<
¥ « > . L4 D /
4. TITLE (and Subtitle) 5. TYPE OF REPORT & PERIOD COVERED

ROTATING BAND TORQUES AND STRESSES ON Final
AMCAWS 30MM COPPER BANDED PROJECTILES -

6. PERFORMING ORG. REPORT NUMBER

- AUTHOR(s) 8. CONTRACT OR GRANT NUMBER(s)

Michael R. Kane

- PERFORMING ORGANIZATION HAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT, TASK

« o . AREA & WORK iT E
Advanced Concepts Division UNIT NUUDERS

Acft & Air Def Wpn Sys Directorate 6.32.06.A
GEN Thomas J. Rodman Laboratory 1F263206D044 .01
t1. CONTROLLING OFFJCE NAME AND ADDRESS 12, REPCRT DATE
May 1975

Acft & Air Def Wpn Sys Directorate
GEN Thomas J. Rodman Laboratory

13. NUMBER OF PAGES

MONITORING AGENCY NAME & ADDRESS(/! difforent Irom Controlling Ollice) i5. SECURITY CLASS. (of this roport)

Unclassified

156, DECL ASSIFICATION/ DOWNGRADING
SCHEDULE

. DISTRIBUTION STATEMENT (of thle Report)

Approved cor Public Release; Distribution Unlimited {:} [:) ( :
\ ™
[\. A 2 e ” l
(]
J o 1678
17. DISTRIBUT(ON STATEMENT (of the abatract entered In Block 20, il dlfferent from Report) ‘ R ~ i U

Iy —_——
| . i

Hiohe U BLY

18.

SUPPLEMENYTARY NOTES

EY WORDS {Conllnuo on revorse sido if necessary and ldentily bbelock

K umber,
1. Rotating band, copper Band” stripping
2. Barrel twist [

3. Predictive model

4. High performance medium o&iiher ammunitisg

5. Computer program

20,

ABSTRACT (Continue on roverse side I[ necessary anl identify by block number)

This report details the study effort and testing conducted to design a more
optimum rifling profile for the Advanced Medium Caliber Aircraft Weapon
System (AMCAWS 30MM) ammunition. Several critical parameters such as bearing
stress and torque have been identified and their importance to the ultimate
survisability of the band assessed. These critical parameters have been in-
corpoated into a preliminary model to predict the success or failure of a

given band and barrel combination. p

DD , FORM 1473  EOITION OF 1 NOV 65 IS OBSOLETE i

‘N T Unclassified

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)




ABSTRACT

Quantitative values for the interaction of several candidate rifling
profiles with the AMCAWS 30 anmupition were required so that a replace-
ment for the original AMCAWS 30 barrel could be selected. This effort
is primarily directed tg that task.

A secondary effort was to document the process of deciding which
candidate configurations would most probably be successful. There are
several parameters arising out of this work designated as critical
{such as bearing stress) and these critical parameters are included in
" a coarse model to predict success o0 failure of a given band and barrel
combination.

i

(The following page is blank)




- 0% SMYIWY -
WILSAS NOdVIM LAWYV
AGY

-, e 1)
s g

e

*
-
\ ‘ 4
R [ -
Tl s .
Fap- .
PR . PR
. )
- S0 Y
. .- M EE
\ T e B

oy Sy MEAETE AL A K g b € A P AT 2 oL



CONTENTS

Section Page
’ Abstract ii1i
1 Background ]
2 Description of Barrels 4
3 Interior Ballistics Performance b
4 Development of Torque and Stress Equations 14
5  Observations 19
6 Firing Test 25
7 Evaluation of Results and Predictive Model 38
8 Conclusinns and Recommendations 46
Appendices

A Barrel/Torques Comparisons Computer Program A-1
CALTOMP Graphics Output A-62

B AMCAWS 30 Interior Ballistics Linking
Computer Program 8-1
Rererences 46

Preceding page blank

vii




TR L el

10
11
12
13
14
15
16
17
18
19
20
A-1

thru
A-18

FIGURES

Interferometer Trace for Firing A-421
Sectioned AMCAWS 30 Round
Velocity VS Time for Firing A-421

Interior Ballistic Parameters Graph
With Respect to Position

Interior Ballistic Parameters Graph
With Respect to Time

Gun Tube Rifling Layout

Rotating Band Sweep

Torque VS Position for Candidate Barrels
Torque VS Time for Candidate Barrels
Down Range Photographic Setup
Inflight Photograph, Round 63
Inflight Photograph, Round 68
Inflight Photograph, Round 72
Inflight Photograph, Round 74
Inflight Photograph, Round 75
Inflight Photograph, Round 80
Inflight Photograph, Round £6
Inflight Photograph, Round 87
Inf1ight Photograph, Round 88

Predictive Model Approach

CALCOMP Graphics Computer Output

viii

A-62
thru
A-79




TABLES

e PAGE
| 7 Firing Series Data 37

—

Peak Torque and Stress Values 42

w N

Integral Values 45

ix

(The Following Page is Blank)

.
L

?

) ]
>3
g
o4
.
Y

<3N

3




R A T T R O AP W R i

RO

BACKGROUND

Quantitative values for torque and rotating band stresses for
AMCAWS 30mm projectiles were required to meaningfully evaluate different
types of barrel twists. Displacement, velocity down barrel, and chamber
pressure at various time increments were used as input for a computer

program {(Appendix A, Barrel/Torque Comparisons) that calculated, as its

principle output, torque, bearing stress, and shear stress at the
rotating band for each time increment. The interior ballistics data was
pased on an interferometer trace obtained at the Hercules, Inc., test
range in Magna, Utah. This trace, Figure 1, is of excellent quality and
is one of the best obtained. The particular round examined had

essentially nominal chamber pressure, action time, and muzzie velocity.

Six barrels with different twist functions were compared in the
program using the same interior ballistic parameters. The barvel types
were: (1) current Rock Island Arsenal produced barrels (RIA);

(2) current Hercules barrel (Hercules); (3) constant twist barrel and
exponential gain twist barreiz with exponents of (4) N = 1.6, (5) N =
1.8, and (6) N = 2.0. These barrels are fully described in the

description of barrels.

The work to obtain torque and stress values was started as part
of a routine investigation to complement the AMCAWS 3Cwm development
work, but the work pace was accelerated when in-flight pictures

indicated some stripping of bands (but no instability) on some rounds
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fired in the RIA barrels. This stripping was first noticed in June
1973. HWork was begun on this effort in late August 1973, at which time
the RIA and Hercules barrels were in use. The decision to fabricate a
constant twist barrel and an N = 1.6 twist barrel was made in September
1973 and these two barrels became available at Rock Island in June 1974.
The firing tests were conducted in late October 1974. The computer
program itself was extensively rewritten after July 1974 to make use of

a CALCOMP graphics system that became operational in Rodman Laboratory

during that month.

//



DESCRIPTION OF BARKELS

1. RIA BARREL. This is an 85-inch barrel made to Rock Island
Arsenal Print 740540070. This barrel has a 1.0 inch throat, free run
to 4.0 inches, gain twist to 73.25 inches and constant twist at an
8°53' exit angle to the muzzie. The equation for the twist was ob-
tained by fitting a curve to the x-y layout cocrdinates. The equation
iS y = Bo + By (X-4.0) + By (X-2.0) + By (X-4.0)" + B, (X-4.0) . The
coefficients are listed in the Barrel/Torque Comparisons program in

subroutine AAMC 30 (Appendix A).

2, HERCULES. This is an 89-inch btarrel. This barrel has a
1.0 inch throat and gain twist to the muzzle at an 8°5' exit angle.
The barrel has no constant twist exit portion. The equation of the
rifling layout is:

Y = .01008 (x-1.0)""

3. CONSTANT. This is an 85-inch barrel with a 1.0 inch throat
and constant twist throughout the remaining barrel length. The

rifling angle is 8°58',

4, N =1.6. This is an 85-inch barrel. This barrel has a 1.0
inch throat, gain twist to 81.0 inches and constant twist to the

muzzle at an 8°58' exit angle. The equation of the rifling is:

le6

Y = .00641042 (X + 14.1582)
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The gain twist function in this barrel starts with a rifling

angle of 3°0’ at X = 1.0 inch and gains to 8°58' at X = 81.0 inches.

5. N =1.8. This is identical to barrel N = 1.6 except the

gain portion of rifling equation is:
1.8
Y = .00208633 (X + 25.9727)

6. N =2.0. This is identical to barrel N = 1.6 except the

gain portion of rifling equation is:

2.0

Y = .000658627 (X + 38.78559)

A1l the barrels described have 20 lands. The depth of groove

for the RIA barrel is .019 inches. The groove depth for the remainirg

barrels is .025 inches.

The notation N = _._, refers to the type of barrel that has an
initial rifling angle of 3° with an exponential gain twist portion and
a constant twist exit portion. N = _. barrels include the N = 1.6,

N=1.8 and N = 2.0 barrels.




INTERIOR BALLISTICS PERFORMANCE

The AMCAWS 30mm round (Figure 2) is a fully telescoped, cased-
consolidated round that is currently designed to operate in a stop
mode. The primer is struck, which ignites a 45-grain booster charge.
The ignition of the booster debullets the projectile and forces it
into the bore where, after a total travel of generally less than
5 inches past the barrel face, the projectile stops (thus a stop mode).
The hot gas from the booster also acts as an igniter for the 3000 grain
consolidated main charge, which causes the large pressure rise that

drives the projectile out the muzzle at about 3600 ft/sec.

The set of interior ballistics data used for the barrel compar-
isons was obtained by considering the round ballistics to be composed
of three separate segments: (1) the velocity, position, chamber
pressure, and time data points after primer strike and up to the
projectile stopping in the bore; (2) the data points between stop and
restart; and (3) the data points after restart to muzzle exit. These
three regions and the times of occurrence are illustrated in Figure 1.a.,
which is an interferometer trace of a firing conducted at Hercules,

Inc., Magna, ''tah.

Figure 1.a. shows the total event with time progressing from
right to left at two milliseconds per centimeter. The microwave pulses

show that initial movement of the telescoped projectile accounted for
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about 3-1/4 cycles in about 3 milliseconds. The calibration factor for
this firing is 2.567 inches per cycle, thus the 3-1/4 cycles indicates
that the nose of the projectile moved approximately 8.34 inches before
stopping. Using values of 4.4 inches between the projectile nose
(point of reflection of microwave beam) and the center of the rotating
band and a starting position of .25 inches between the nose and the

start of the barrel, the position of the rotating band when stopped is

then 3.69 inches from the barrel face. The microwave pulses show the

projectile to be stopped for approximately 4 milliseconds (2 cm on the
trace) and then the projectile accelerates rapidly with the rise in
chamber pressure. The rapid acceleration is seen more clearly in

Figura 1.b., where an expanded time scale is shown.

The most important of the three interior ballistics segments, as
far as sustained high torque seen by the rotating band is concerned,
is the restart to muzzle exit portion. Fortunately, the time scale,

when expanded (Figure 1.b.), has excellent resolution of the traces and

can be reduced to the graph of Figure 3. Corresponding chaniber pressure

for each time is also obtained. A simooth curve is fit through the raw
velocity d=ta points and the equation of this curve generated. This

equation can be differentiated to yield projectile acceleration down

the tube for this segment.

The second segment (between stop and restart) has a relatively

constant pressure and no projectile movement. Pressure, velocity,
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position, acceleration and time data pnints are easily generated for

this segment.

The first segment (primer strike to stop) is the hardest to
resolve to the point where baliistic data points can be obtained that
have a high degree of confidence. The overall picture (Figure 1.a.)
gives the time of occurrence and indicates some approximate values of
position and time. The values obtained from the trace and other work
done with booster performanie enables "data" to be manufactured wiich
should reasonably duplicate the performance of the round in the first
segment. This data does not have as high a degree of confidence as
the third segment data because of the poorer resolution, but torques
are only seen in this segment for an extremely short time and projectile
velocity is low, so possible inaccuracies in this segment of the data

are not too important to the conclusions of this report.

Data representing the second segment was used as input for data

generating program (Appendix B, AMCAWS 30mm Interior Ballistics). The

program chiefly uses equations generated for position, velocity, and
chamber pressure as functions of time for seaments one and three and
uses these equations to calcuiate the IB parameters for these segments.
The program then links the data of tne three ballistic segmen%é and
punches a complete data deck. This deck represents the nominal
interior ballistics of the AMCAWS 3(mm round, from primer strike to

muzzle exit. The interior ballistics of the round are illustrated in

10
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Figures 4 and 5. One result of obtaining acceleration by differen-
tiating the smoothed velocity data can be seen by observing the

slight discrepancy between the chamber pressure shape and the shape

of the curve for acceleration. This problem is caused by an inability
to more accurately resolve the original interferometer trace. The
acceleration curve should be very close to the 'correct' curve and

it is not felt that the results of the computer procgram are in any

way unduly compromised.

11
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OEVELOPMENT OF TORQUE AND STRESS EQUATTONS

Figure 6 chows a rifiing curve in the gun tube. Y is the arc
length subtended by ©, R is the nominal 30MM radius (.59175 inches)
and X is the distance down the bore the rotating band has traveled.
Assuming no shear in the rotating band, the rotation of the projectile

after traveling X inches is 0.

Torque and stress relationships will be obtained using the

equation,

2
do

I X —
polar qt?

Torque =

2

therefore 9%2 is a quantity of much interest. From Figure 6,
dt

but,

%%-= velocity of projectile down the tube, thus

It - ]ﬁ [%}% (ve]ocityﬂ . Differentiating again

14
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FIGURE 6
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dt 5 dt dx
e oex, dngix]
T
However,
d?x

—5 = acceleration of projectile down tube, thus
dt

2 2
Q_S}= ‘ﬁ [%% (acceleration) +9—% (ve1oc1'ty)2]

dt dx
Summarizing.

] -

0= R Y ]

s o1 fay eroct

2} 7 L ax ve1oc1ty]

" [~ 2

6 = L% acceleration + ¥ (velocity)?
R }dx dXz

Values for velocity and acceleration (as discussed in the

INTERIOR BALLISTICS portion of this report) are available to the

BARREL/TORQUE fOMPARISONS program so that with the proper equation of

the rifling for the barrel under consideration 8 can be determined

for any position or time.

16




Given the values for é, the other calculatisus are quite
straightforward. Torque is obtained from the relationship
0

T= Ipolar

Torque, however, can be considerad to be the result of a dis-
tributed force acting at the rotating band (nominal radius to rotating
band is .59175 inches). The total force acting to create the torque

is then
LF = T/R.

The area upon which this total force acts is, of course, the
bearing faces of the engraved rotating band (Figure 7). The bearing

stress is then

S = oF/r (bearing face area).

bearing
Likewise, the shearing stress on the band is then

S = ZF/Z (shearing face area).

shear

The sketch of Figure 7.a. shows the dimensions of a rotating
band that was fired through a RIA barrel. The nominal groove depth
of the RIA barrel is .019 inches so the summation of bearing face areas
is .137 square inches. The Hercules barrel has a groove depth of .025
inches so iis total bearing face area is .180 square inches. The total

shear for the recovered projectile is .677 square inches.




DIMENSIONS

—o1.360 l<‘
.019 FOR RIA BARREL
3 .025 FOR HERCULES
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ROTATING BAND SEGMENT

FORCES TO ROTATE PROJECTILE
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FIGURE 7-B
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OBSERVATIONS

There are any number of ways to interpret the numbers generated

by the Barrel/Torque Comparison: computer program. There is also a

high probability that any arbitrary interpretation and the corresponding
conclusions as to predicting the success of the rotating band and barrel
twist combination'wi11 be incorrect. The most important aspect that

must be considered when evaluating the program results and making useful

conclusions is the actual mechanism of rotating band failure that may

occur.

Factors which may affect the ultimate success of a rotating band
probably include a combination of factorc such as (1) peak torques,
(2) time duration of high torques, (3) driving edge pressure, (4) area
remaining that resists shear, (5) band properties, (6) band melting,

(7) barrel wear, and probably several other considerations.

The way in which these named and unnamed factors interact in the
AMCAWS 30mm system to determine the final condition of the rotating
band is, of course, the mechanism of rotating band failure. Determining
the actual mechanisms of failure for the rotating bands of high per-
formance ammunition is certainly a large scale test and research program
that is far beyond the scope of this report. A Titerature search
(unclassified) has been relatively unsuccessful in uncovering work that

specifically deals with copper rotating band failure in small to medium

19




calibers. What is primarily the scope of this report is to provide a
basis for selecting a replacement for the RIA twict barrels. Hope-
fully, with the fabrication and availability of RIA, N = 1.6, constant
twist, and Hercules barrels, some correlation between the program
results and actual firing test results can be developed. Developing
such a correlation is a secondary portion of the scope of this report.
If a correlation between actual results and some combination of
numbers generated by the program can be found, it might be able to act
as a quick and coarse means of evaluating barrel twist suitabiiity tor
future or proposed high performance medium caliber weapon systems. The
remainder of this report is written with that in mind. Some general

discussion of barrel twists is then pertinent.

Any gain twist barrel is sensitive to the interior ballistics
of the round. A round with slightly delayed peak pressure and thus
delayed peak acceleration will be in a steeper portion of the gain
twist curve and therefore higher than optimum torques develop. The
present RIA barrel configuration has good torque characteristics for
certain bé]]istic performance, unfortunately they are not similar to

the performance of the current AMCAWS 30mm round.

Another problem common to gain twist barrels is the rifling
angle sweeping action that reduces the shear area of the rotating band
and continually puts high bearing loads on the forward portion of the

band. This sweep is due to the constantly increasing rifling angle

20
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in the gain portion of the barrel and as illustrated in sketch of
Figure 7.b. The 3° initial twist for the N = _. barrels was chosen
because it was felt the almost 9° sweep on the RIA barrel was one of
the major contributing factors to the failure of that barrel-rotating
band combination. The fact that there is evidence of band stripping
on the RIA barrel but no in-flight instability of the round tends to
indicate the bands finally do strip after the round has attained
sufficient spin to be stable. The higher spin rates necessary to
stabilize the round can only be imparted to the round in the muzzle
portion of the gun tube where the rifling angles are high. Thus, it
appears the bands do strip in the muzzle region of the RIA barrel,

after experiencing most of the 8°58' sweep.

The behavior of gain twist barrels, especially with regard to
increasing exponents, can be seen in Figures 8 and 9. The peak torque
values occur later with increasing exponents. The peak values are less
with increasing exponents but the curve itself is much flatter. These
effects are particularly noticeable in the torque vs. displacement

curve, Figure 8.

The barrel that appears most attractive, of the cain twist
barrels considered, is the N = 1.6 barrel. A constant twist exit portion
is desired so that the torque is iow at projectile exit. Four to five
calibers of constant twist should be long enough to minimize any

pertubations that might be caused by a high torque at exit. The

21
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N = 1.6 barrel has a slightly higher peak torque than the N = 1.8 or
the N = 2.0 barrels, but it should handle slight round-to-round

ballistic changes better.

Constant twist barrels are, compared to gain twist, relatively
insensitive to interior ballistic changes. Constant twist causes none
of the sweeping action found in gain twist barrels, so the shear area
is always at a maximum for any given exit angle. Unfortunately, con-
stant twist barrels exhibit higher torques than their gain twist
counterparts. The time duration for the peak torque region is
correspondingly less. This is shown by the sharper peak on the torque

vs. displacement curve (Figure 8).

Constant twist barrels can also be fabricated with more manufac-
turing techniques than can gain twist barrels. Broaching, swaging, or
hammer forging (which are possible only with constant twist) are
generally cheaper than hook tooling or the more exotic ECM techniques,
especially in a quantity production environment. The barrels used to

date in the AMCAWS 30 program have all been hook tooled.
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FIRING TEST

Completion of the fabrication of an N = 1.6 and a ¢anstant twist
barrel, combined with the availability of an RIA twist barrel, allowed
a firing test to be conducted that was designed to evaluate the three
band/barrel combinations. A series of 28 shots with basic Mann barrel
instrumentation (chamber pressure, round action time, velocity) was
fired with down-range photographic equipment set up (Figure 10) so that
in-f1ight pictures of the fired AMCAWS 30 rounds could be obtained. The
firing data for these rounds is listed in Table !. The ammunition used
is Lot X05. A1l three barrels had less than 20 rounds each fired

through them when the test began.

The pictures obtained were of excellent clarity. The three
pictures chosen for each barrel for inclusion in this report are very

representative of all the pictures taken.

Rounds 63, 68, and 72 are rounds fired through the RIA twist
barrel. These pictures show the bands completely stripped. The rounds
are stable as shown in the pictures. Rounds fired through RIA twist
barrels have always targeted well. This reaffirms the belief that these
bands stripped only after a large enough spin rate was obtained for the

round to be stabie.

Rounds 74, 75, and 80 are rounds fired through the constant twist

barrel. The bands on these projectiles are in excellent condition.

25




dN13S JIHdYY90.L0Hd
‘0T Jn9Id

T T LT ar U N ORISR 5.

01

EIN LSO

ot vl

,-&-. "

et B

424 e 2

A

Aniarantie g T o p i e i

e

A%z

s

»
s

vy

26




“ e e mml‘,‘ﬂ-u‘ﬂmj% ey

SRR

Rounds 86, 87, and 88 are rounds fired through the-N = 1.6
twist barrel. These bands are also “in good condition. The gain twist
sweep mentioned earlier is easily seen. The driving edge face is in

very good condition for the entire width of the band.
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EVALUATION OF RESULTS AND PREDICTIVE MODEL

The initial decision to fabricate the N = 1.6 barrel was made

after the results of an early version of the Barrel/Torque Comparisons

program were eviluated and the N = 1.6 barrel appeared to offer a
significant reduction in peak torque and it was noted the terque curve

approached the curve for the Hercules barrel (which was known not to

strip bands).

The decision to fabricate a constant twist Ltarrel was made because
it was felt that so basic a barrel type should be evaiualed with actual
firings. Historical inertia and the high peak torque values led most

everyone involved in this decision to feel this barrel would most

certainly fail the band.
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The firing tests and in-flight pictures indicate that future
harrels fabricated for the AMCAWS 30 program, using current interior
ballistics and copper rotating bands, should have constant twist or
the N = 1.6 twist., The primery objective of this effort, choosing a

replacement for the RIA twist barrel, has bcen met with that recom-

mendation.

o S AN
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The secondary objective of this report, providing snme coarse

predictive model for evaluating the suitability of different band,

TSR

interior ballistic, and twist combinations, is not as directly met. A

model such as that will necessarily be simplistic since, as stated,

SRR S LAy
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the “precise" mechanism of rotating band failure for this type of

high performance ammunition has not been explicitly determined.

The mocdel must also be simplistic because it is trying to
generalize from a small amount of data and a limited firing test. The
approach that will hopefully result in constructing the predictive
model is one of essentially working from both ends to the middle
(Figure 20). One end is the comr' ter program that assumes no band
failure and calculates the values listed in the data matrin. The other
end is the result of the firing test. The middle is the model that
will evaluate the computer program output and predict the same results

as occured in the firing test.

The model presented here suggests that two things should be con-
sidered; (1) the peak stress values must be able to be sustained by
the rotating band, and (2) the time over which the high values act is

very important.

The first consideration seems somewhat obvious. The band
properties must be able to resist the peak shear and bearing loads.
Shear stresses for the barrels considered do not exceed 10,000 PSI so
failure in shear does not appear to be a problem. The bearing stresses

are much higher, approaching 40,000 PSI.

The difficulty in determining if the peak bearing stress values

exceed the band properties is finding data on band properties. Pub-
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Tished data from materials testing usually indicates that all rotating
bands for high performance ammunition should fail. Most materials
testing is done at a rate that does not begin to approach the rate of
application of stresses in a gun. High strain rate tests do not usually
result in data with easily comparable units, such as PSI. Rate of
application certainly affects the ultimate limits of bearing strength

and shear strength for the band material. One published va]ue]

suggests
20,000 PSI as an allowable copper rotating band bearing stress, but the
three successful barrels exceed that value by 11% to 65%. None of the
barrels considered are less than 20,000 PSI in bearing. The constant
twist barrel has a peak bearing stress of 33,200 PSI, so that might be
considered a minimum for a range of values that describe the ultimate
1imit for rotating band bearing stress. The indications that the band
are stripped well down the RIA barrel tend to suggest that the band
withstands even the 38,000 PSI peak bearing stress of the RIA twist

barrel successfully.

The peak torque, bearing stress, and shear stress values are
listed in Table 2. These are the peak values computed in the program.
Actually, however, the peak values for the constant or the N = _._
barrels are not Tisted. The nonspinning rotating band moving at about
200-250 fps engraving onto the 9° or 3° twist theoretically (since a

no shear condition is assumed) produces infinite peaks. These peaks

1J. Wolf and G. Cochran, Rotating Band/Rifling Interaction Study;

General Elect ic Report 72APB552, November 1972.

41




Torques

Barrel Band Position (in) Time {msec) Torque (in-1b)
1.6 30.4 13.4 2378 108%
1.8 32.7 13.5 2316 105%
2.0 35.1 13.5 2274 103%
RIA 38.7 13.6 3101 141%
Hercules 30.4 13.5 2197 100%
Constant 6.7 12.5 3579 162%
Stresses
Barrel Shearing Stress (psi) Bearing Stress (psi)
1.6 6613 105% 22210 111% 105%
1.8 R41G 102% 21647 108% 102%
2.0 6288 100% 21250 106% 100%
RIA 9482 150% 38158 190% 179%
Hercules 6616 105% 27052 135% 127%
Constant 9037 143% 33190 165% 156%
Suggested Values 20000 100%

,,,,,,

PEAK TORQUE AND STRESS VALUES
TABLE 2.
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last for such a small time peried that they can be neglected. The
print-out shows torque for the constant twist barrel is 0.0 in-1bs

when the band is .816 inches into the barrel and 57.1 in-1bs at a band
position of 1.124 inches. The time increment is .1 milliseconds.

These values infer the time duration for the very high torque values are
probably on the order of microseconds. The Gun Tube Handbook2 refers

to a five microsecond duration for the decay of infinite torque to
"acceptabie" values for a 37mm gun with 1.0 inch free run and a

y = px1.625 rifling profile. This background is presented in an effort

to demonstrate that the time duration of peak values is important

(again, there is also a rate of application relationship).

Bearing stresses for the six barrels compared appear to be the
mo.t critical values coming out of the program. The range of these values
is very high relative to all published data (directly comparable or not)
for properties of this cioss of copper. Bearing stress also relates to
the amount of displacem :nt ithe driving edge experignces, which could
significantly change the remaining shear area. This might possibly
reduce it to a critiral region. Band melting might be accelerated by
higher bearing stresses and the higher frictional forces. These
parameters, which can be associated with bearing stress, are aiso felt

to be rate dependent.

2AMCPM 700-252, Engineering Design Handbook, Gun Series,

Gun Tubes, February 1964.
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The idea of time duration and rate dependence is the reason a

comparison of the integral of bearing stresses with respect to time

is offered as the second test in this two-step model. The program uses

a trapazoid summation to integrate torque, bearing stresses, and shear
stresses with respect to time and position.

in Table 3.

The values are listed . f

Once again, a number which represents the dividing 1ine between
success and failure, for the integral test, is not readily avaiiable.
The dividing line value appears to be between 48 PSI-sec and 55 PSI-sec,

assuming the RIA barrel does not cause band failure due to the first test.

A
b
3
h%
N
%
.
b

The proposed predictive model utilizes: (1) a computer program

§ to calculate stress values caused by proposed interior ballistic

% performance acting on ihe candidate rifling profiles, (2) rotating

;z band materi=1s properties that can be meaningfully compared to the

i% calculated stress values, and (3) a comparison of the integrals of the
z bearing stress Qersus time curves for the candidate barrels. This

; predictive modei, based on very Timited data and without precise know-
i ledge of the mechanism of band failure that actually occurs, i§ some-
fi what incomplete. The model will provide a basis for evaluating any

; significantly different interior ballistic performance, such as when

% AMCAWS 30 goes to a non-stop mode. While the model will be refined and
? corrected with more firings and additional research, it now provides a
%i better bas1s for selecting a barrel twist than was available previously.
!
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CONCLUSIONS AND RECOMMENDATIONS

The Barrel/Torque Comparisons computer program can easily be

changed to provide comparisons of many possible barrels with a set of
nominal ballistics data or comparisons of one barrel with a range of
ballistic performance. This is a useful design tool so that someone
charged with releasing a barel drawing can do so with some assurance that
the twist profile appears compatible with the interior ballistics of

the round. An advanced gun and ammunition development program, such as
AMCAWS 30, should check barrels alout to be released against current

interior ballistic performence.

The predictive model is admittedly simplistic, based, as it is,
on limited data, limited experience, and limited intuition. The model
is not, hopefully, one of the arbitrary interpretations discussed under
Observations. Werk, to whatever degree possible, should continue on
refining such a predictive model as it will fill a very real need in

designing one aspect of the gun-ammunition interface.

The success of the N = 1.6 barrel as indicated by the values
coming out of the computer program and the firing tests, is due to its
hybrid design. The initial rifling angle of 3° is a very important
design element to reduce the total sweep experienced by the rotating
band while the 1.6 exponential gain allows low band stresses throughout

the barrel. The N = 1.6 barrel essentially takes the zero band sweep
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aspect of a constant twist barrel and combines it reasonably success-

fully with the Tow peak values associated with gain twist barrels.

The goal of the initial effort of this work was to provide a
replacement for the unsuccessful RIA twist barrel. The recommendation
of the constant or the N = 1.6 twiot barrels with the current AMCAWS 30
interior ballistic performance meets that goal. There is a very high
degree of confidence in those recommendations since they were actually
fired. Looking ahead in the AMCAWS 30 program to non-stop ballistics
and plastic rotating bands, a secondary goal of evaluating barrel/band
combinations without fabrication and firing developed. The predictive

model presented is a first step in meeting that goal.

Specific conclusions and recommendations follow:

CONCLUSIONS:

1. tvaluate barrels about to be fabricated with current interior
ballistics performance.

2. Current (May 1975) ballistic performance indicates N=1.6 or
constant twist barrels should be used.

3. Rotating band sweep on gain twist barrels is a critical para-
meter that must be considered when suggesting a new gain twist function.

4. Rotating band sweep due to gain twist limits the rotating band

width (width in the axial direction) that can be effectively used. Wider

bands with gain twist barrels do not always have better survivability.

RECOMMENDATIONS :

1. Obtain better and more useable data on high rate properties of
rotating band materials.

2. Refine the rotating band predictive model.

47

it




1.

J. Wolf and G. Co
General Electric

AMCPM 706-252, En
February 1964.

REFERENCES

chran, Rotatin Band/Rifling Interaction Study;
Report 7?KPBS5§, November 1972,

gineering Design Handbook, Gun Series, Gun Tubes,

48

S S A i, it e e




APPENDIX A

BARREL/TORQUE

COMPARISONS COMPUTER
PROGRAM WITH
CALCOMP GRAPHICS OUTPUT
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IN] oN2 o NI yMPROJ s XLUMMY (252) s YOUMMY (252) 00000490
2HBLHER (250910) ¢+ BELAMC (250010} +BBLCON(250+¢10) 00000500
OIMENSTION IBUF (1000) vQuousSlo
J=0 00000520
20 HEAD(S930:END34Y) Becei a0t 110000530
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FURTRAN IV 6 LEVEL 2) YAIN DATE =z 75166
v0GS 30 YURMAT(5(E16.7))
0006 JsJe)
0007 IHDATA(Js 1) xA
v008 iBDATA(Jy2) =B
0009 IBDATA(J93)=C
0010 1sDATA(Je&) =D
0011 IBOATA{JsS) =E
0012 ¢0 TO 20
0013 40 CUNTINUE
001ls NSET=Y
00l1s NVAL=NGETe2
0014 RADZDG=57,.2958276
o1z SLOPE=, 157738
0018 ABORF=),10000
0019 R=,59175
0020 STAR=1,0E70
0021 KH0=2,5856608
0022 [POLAR=3,8043E-p4
0023 YPROU=1,10613E-03
vg2s U0 45 U] yASET
00és IuDATA(Jy3)=IBUAIA(Jo3)'12oO
0026 IBDATA(JG) =2 IBCATA(Jss) #)2,0
6027 45 CONYINUE
C
C
Cotses QARRELS N=1e69vz1,894N22,0 CALCULAT]IONS
0028 START=],0
0029 END281,0
0030 Pl=6¢410420509t =03
0031 P222,086332E~03
0032- P326,5862728ZE=04
0034 ~ Nlzle6
0034 n2z],8
0035 N3=2,0
0036 XP1214,15822977
0037 KP2225,9727111%&
0038 XP3238,78559/2
39 AMT1=9,384274125
0u4o AMT229,377235523
U041 AMT3%9,446034489
vg42 V0 70 J=]NSET
Vo043 IF (IBOATA(Je2) oGELSTART) GO TO S0
0064 DO 46 M=z),y])p
0045 BBL1(JyM)=C,0
0046 8RL2(J M) =0, v
0047 BEL3(JeM)=0,0
V7Y CONTINUE
0049 d8L1(J9S)=STOR
V950 BBL2(JyS)=STH ¢
005; BHL3(JyS)=STAR
0652 GO0 TO 70
0093 IF (IBDATA(Us2) 46T LEND) GO T0 60
0054

CALL GAINP(J'PIythXPIQT’TI1TZoT0RQUEoALEFTlyY'OYDXyDZYDXZv

A-3
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U0000540
00000550
00000560
00000570
00000580
60000590
00000600
00000610
90000620
00000630
00000640
00000650
00000660
00000670
00000680
00000690
00000700
00000710
00000720
00000730
00000740
00000750
00000760
00000770
60000780
00000790
00000800
00000810
00000820
00000830
00000840
00000850
00000860
00000870
00000880
00000890
00000900
00000910
00000920
00000930
00000940
60000950
00000960
v0000970
00000980
00000990
00001000
000010190
000010290
00001030
00001040
00001050
00001060

st m i At SasaR i

T i o e ot Ko . Ay




FORTRAN [v v LEVEL 2I MALN DATE = 75166 07744746

v0ssS
0056
0057
0058
0059
00¢0
U061
e
0063
Ve
0oesS

00¢6
0067
0068
009
0070
0071
0072
0073
0074
0975
0076

007/
0074
0079
V80
Vo8]
ovE2
0083
vuds
00Es
0086
0087
0088
[I172-2
0090
0061
00s2
0093
0094
0035
0066
0097
0098
0099
0l00
0101

2SHEARYBE2R s inOATA I 92} s 18DATAL U3} 2 JB0ATALU4) 1 JBDATA (LS 00003070
15TART sR o [PTL ui o MPROJ 4RO 9 AMURE ) v0001080
#8L1( Jel) 2T 000601052
g8l 1 ¢ Je2)=11 00001100
uBLl( Jy31=12 00001110
ABLL1( Je4)=TORCUEZ 00001120
vHL1( JeS)=ALEFT] 00001130
o8l Jeb)2Y 8outli40
d8L1( Je7)=ATAN(CYDX) ®RAD2UG 60001150
B5L1C Jen)=D2YLX2 00001165
HBLL( JeS)ESHEAR 000033170
vBL1(Jy10) 50t AR 00001180
CALL GAINP{J1P2oNZoXP2eToT1 T2+ TORCUE sALEF T2, Y2DYDX¢D2YDX2 S #0001190
2SHEARYBEARI IBUATA(Je2) v IBDATA(J9I) ¢ IBDATA(U94) s JEDATA(JVS) 00001200
15TARTyRe IPCLAR ¢MFROJ 9RO+ ABOKE ) 00001210
vBL2( Jel)=T 000v1220
HeL2( Je2) =Tl 00003230
guLe( Je3)=12 00001240
B38L2( Jea)=TCRCUE 00001250
doL2( JeS)sALEFT2 00191260
guL2( Jeb)=Y 00001270
dBL2( Je7)SATAN(CYDX) *RAD2DG 00001280
86L2( Je8)202YLAZ 00001290
BBL2( J»9)=2SHEAR 00001300
bul2(Jy10)3BEAR 00001310
CALL GAINP(J#PI NI s XP3+ToT1 o129 TORGUE»ALEFT39Ys0YDXs0L2YDX2s 00001320
2SHEARWBEARYIBDATA (U9 2) 1 IBDATA(J93) o IBDATA(U94) 4 IBOATA(U9S) 00001330
1START9R 9 IPOLARYMPRCY 9ROy ABORE) 00001340
88L3( Jel)=T 06001350
guL3( J,2)=T} 00001360
88l.3( Jy3)=Te 00001370
oBL3C Je&)=TORGUE 00001380
EBL3( JyS)=ALEFT3 00001390
BBL3IC Je6) =Y 00001400
BEL3( Je7)=ATAN(CYOUX) *RAD2DG 00001410
BBL3( Js8)=UYDXE 00001420
BEL3( Je9)=SPEAR 00001430
B4L3(Jy10) =8t Ak 00001440
6L TO 70 00001450
60 bBLL( Jr6)=SLOFL® (JBCATA(J2)=END) cAFT] 00001460
HoL2( Je6)2SLOPE® (1ir JATA(Je2) =END) eaNT2 00001470
gB3L3( Ge6)=SLUPE#* (18DATA(J92) =ENC) +AMT3 00001480
BoL1( Jsl)=BBLL(J9E)/R 00001490
28l ( Jyl)=Bol2(ur6) /R 00001500
BHLI( Jsl)=Bbl3I(ue6) /R 00001510
dbL1( Jy2)=SLOPE#IBDATA(Js3) /R 00001520
BEL2( Je2)=BBLL (Je2) 00001530
BuL3( Je2)2B8bL1(Ue2) 00001540
pell( Je3)=SLOPE® JBDATA(J94) /R 00001550
8BL2( Jy3)=B8L1(443) 00001560
BELI( Jed)zbul] (493) 0000157V
BBLY( Je4)=IPOLARS®ESLL(J93) 00001580
Buld( Jya)=dBL] (Ue4) 00001590
A-4
.
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FORTRAN 1V G LEVEL

oto2
01¢3
010
4i0S
0igo
0io7
2108
01¢e
U110
vili
¢ii2
0113
vild
015
V116
0117
0118

6ilv
vlz2o
vici
vlee
013
oles4
v12s
(A1)
vizy
oles
0le9
v1l30

0131
vis2
0123
vi3e
035
0136
0137
0138
vls9
viao
014}
0142

0)43
0144
0145
0146
0147

70
C
C

Ceone

310

320

330

2} MAIN DATE = 75166 07/44/48

gBL3{ Jeu)uBBLL (Ued)

gLl Jen)=ALEFT]

bul2( JeS)=RLEFTZ

guL 3§ JeSI=ALEFT2

48LLE Je7)aATAM(SLUPE) #RAD2DO
dBL2{ Je7)58BLL(UT)

B8L3¢ Jy?)2BBLE(us )

wBL1( JsB8120.0

Bul2( Jediz0e0

BBL3( Jr&)50,0

BBLLI( Jry9isHBLl{ Jeb) 92,496
BUL2( Je9iz8BLEL Jea) 02,496
onl3( JeG)eBoL Il Jed) 82,456
Abl1{Je10) =3 L Js4) #G,388
ABL2(Je10)¥B0LE( Joé)®G5,385
rBL3{Je10)2BUL2( J94) #9388
CONTINUE

¢ gARREL RIA CALCULLATIONS

STarl=4,?

EnUsT3dd

AMTTS 49565

V0 3006 Js] #NSET

IF (1BDATA{J92) «GT«START) GO TO 320

Q0 310 M=l,ly

BELAMC (JeM) =040

BBLAMC(Js5)=.06877¢

IF (18DATA(Jsc) eLbelav) BBLAMC(U+5)=5TAR

60 TU 300

IF (JBUATA(Jsc) «GESEND) GO TV 330

CALL AAMC30 (IBLATA{J2) +IBDATA(I»3) s IBDATA(J4) ¢START 9k RO
LABORE s TBDATA(JS) o IPCLARIVMPROJ2Y s ToT1 e T290YDXe02YDXZ 9 TORQUE »
2ALEFTySHEARBEAR)

BBLAMC( Jel)=T

uBLAMC( Je2)=T1

EBLAMC( Je3)=TE

BOLAMC( Jr4)=TCrUuUL

BBELAMC( JeS)=ALLFT

dbLAMC( JUs6) =Y

BELAMC( Jy7)=ATAN(DYDX) *KAL20G

HHLAMC( Je8)=DZYUX2

BBLAMC{ J9G)=SKrEAR

vul.AMC (Js10) =BEAR

60 TO 300

CALL CONST(SLOFPEZEND9IBDATA(U92) +IBDATA(JU3) 9 IBDATA(Js4) sAN Ty
1R eRHO s ABORE 2 1BCATA(J9S) 9 Yo ToT1 T2 TORQUEsALEFTI+0YDX9D2YVX2 s
25nt AR ¢BEALR)

BBLAMC( J»l)=T

8BLAMCL Je2)=T1

BolLAMC( Je3)=T2

BBLAMC( Ji4) =TCRCUE

BBLAMC( JeS)=ALEFT

00001600
006001610
00001620
00001630
00001640
60001650
00301660
00001670
00001680
00001690
00001700
09901710
00001720
00001730
00001740
600Ul 750
00001760
0V00L770
00001780
00091790
00901800
00001810
00091820
00001320
00001840
06001850
00001860
00001870
00001880
60001890
00001900
00001910
00001920
00001930
00001940
00001950
09001960
00001570
00001980
0000]19%0
00002000
v0002010
60002020
00002030
00002040
00002050
00002060
00002070
00002080
00002090
00002100
00002110
00002120




FORTRAN Iv G LEVEL 21 MAIN DATE = 75166 07/44/46

0148 SBLANC( Je6)=Y 00002130
0149 BHLAMC( Je T} 3ATAN(DYOX) *RAD2UG 00002140
0150 HBLAMC( J98)=D2YDX2 00002150
v151 ¢BLAMC( J99) =SHEAR 00002160
01s2 BELAMC(J910)=BEAR 00002170
0153 390 CONTINUE 00002180
C 00002190

C 00002200

Cesoa® HARKEL HERCULES CALCULATIONS n0002210

0154 $START=]1,0 €0002220
0155 P3x,01008 00002230
0156 N3=1,S 00002240
0157 KP330.0 20002250
vise 00 100 J=]sNSET 00002260
159 IF(I6DATA(J92) «GTele0) GO TO 90 09002270
0160 00 80 Mz14.10 00002280
01¢é1 80 BBLHEH (JoM)=0,0 00002290
0lo2 BBLHER (Jy5)=STAR 00002300
vleld GO TO 100 00602310
V164 90 CONTIMUE 00002320
0165 CALL GAINP({JsP3sN39XP34T9TLsT2s TORQUEsALEFT»YsDYDX902YDXZ 00002330
1SHL ARYBEAR JuDATA(J02) 9 IBDATA(U93) 9 IBDATA(J94) o IBDATA(VS) s 00002340

1STARTsRs IPCLARYMPROJRMO¢ABORE) 00002350

c csnsd SLEAR ARtA CALCULLATION, AREA IS AREA SWEPTs ALEFT IS AREA 00002360

o coes REMAINING ON THE ROTATING BAND PER SEGMENT 00002370

C cass DRIVE IS DRIVING EDGE AREA 00002380

C eaes® SUMFOR ]S SUMMATION OF FORCES AT RADIUS TO PRODUCE TORQUE 00002390

vlé6 AREA=.0648000¢CYuX 00002400
0167 ALEFT=(0,0334627~AREA) %2040 00002410
0168 SUMF ORzTCRGQUE /R 00002420
v169 SHE AR=SUMFOR/ZALEFT 00002430
vi?o0 DRIVE=(¢3600/CCSIATANIDYDX)) ) #20.0%0,019 00002440
0171 BEAR=SUMFOR/0R][ vt 00002450
0172 8BLHER( Je1)=T v0002460
vl73 dBLHER( Je2)3T] 00002470
0174 BBLHER( vs3)=T2 00002480
0175 HBLHER( U4 ) 3TORGUE 00002490
0176 SBLHER( JeS)BALLFT 00002500
vll7 sBLHER( JeblzY 00002510
V178 SBLHER( ue7)2ATAN(DYCX) *RAD2VG 00002520
0119 dBLHER( JeB8)=D2YULX2 00002530
0180 BELHEN( JoY) 2SFEAR 00002540
018) BULHER (U9 10) =BEAX 00002550
vi&2 100 CONTINUE 00002560
C 00002570

C 00002580

Connoo PJARREL CONSTANT CaLCJULATIONS 00002590

Vlsd ENL=1,0 00002600
(12314 AMT=0.0 00002610
0185 00 201 J=1NSET 60002620
0l86 1IF (TBLUATA(Js2) 0L 1,0) GO TO 202 00002630
0lu? 00 203 M=1,10 00002640
0188 203 ohlLCON(JWM)=0,0 00002650
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FORTRAN IV G LEVEL 21

v189
0190
0191

0162
0193
0194
V1695
visé
0ly7
0163
0199
0200
0201
0202

0203
0204
u2us
0206
0207
0208
0209
ocle
0c¢ll
0212

veil
vlles
021s
0216
017
ulls
v2l9
0220
va2el
0222
0223

veea
0225
0226

w227
0228

NEFYUEN

HAIN DATE = 75166 07744740

UBLCON(J+5)=5TAR 000026560

GO TQ 201 00002670

202 CALL CONST(SLOFEENDs IEDATA(L92) s IBDATA(U3) IBDATA(Js4) 9AN Ty 00002680
1K oRHO ¢ ABORE ¢ IGOATA{JU9S) 2 Y9 T T19T29s TORQUE s ALEFT90YDXD2YDX2 00002690
2SHEAN»BEAR) 00002700
9dLCON( Jrl1) =T 00002710
HBLCON( Je2)=T1 00002720
UEBLCON( u93)=T2 00002730
BBLCON( Js&)=TCRUUE 00002740
BALCON{ JeS)SALEFT 00002750
SBLCON( Jr6) =Y 00002760
SBLCON( Je7)=ATAN(DYDX) *RAD20DG 00002770
8ulLCON( Je8)=D2YDXE 00002780
S8LCON( J9G) ESKFEAR 00002790
BELCON(Js10)=BEAR 00002400

201 CONTINUE 00002810
Ceoeae D OF SARREL CALCULATIONS 00002820
C 00002830
C 00002840
CRORNDR000RNdEacEssli R RROrREasRtloRlacIraalnnaRl NIl rINasaNROREROereens (00002850
[+ 00002860
C 00002870
DY 1S J=]WNSET 00002880
IBUATA(J93)S1BCATA(UN3) /120 00002890
IBUATA(Js4)=1B0ATA(US4) /1200 00002900

75 CONTINUE 00002910
CALL PLOTS(IBUF+1000¢14) 00002920

CALL FACTOR(L.0) 00002930

CALL NEWPEN(]) 00002940

CALL PLOT(040¢~36409~3) 00002950

CALL PLOT(04092¢599=3) 00002960

Call FACTCR(0,.Y) 00002970
Coesanoens SET UF FIKST VALUES AND DELTA VALUES FOR PLOTS wesswsas200002980
xPz1040 00002990
XT=10.,0 00003000
Y1=8.,0 V0003010
NI8=ENSET+) 00003020
N19=NSET+2 00003030

CALL PLOT(10e090e04=3) 00003040

CALL SCALE(IBDATA(142)Y9YTaNSETH? 00003050

CALL SCALE(IBVATA(1+3)9YT4NSETH]) 00003060

CALL SCALE (i=UATA()e4) s YToNSET1) 00003070

CALL SCALE(IoDATA(L+S)sYTINSETH]) 00003080

CALL AXIS(0eU90e0sa0HPROJECTILE POSITION DUWN BARREL (INCHES) 00003090

w ¢400YTe90.0s IBDATAINIBI2) » IBDATAINLY ) ) 00003100

CALL AXIS{=0e340e0425HPROJECTILE VELOCITY (FPS) 00003110

w +250YT990.09 IBUATA(N]E23) +IBDATA(NLS3)) 00003120

CALL AXIS(=1Cs0.0938HPROJECTILE ACCELERATION (FEET/SEC/SeC)o 00003130

] 2385 YT 990,00 IBUATAINIB4) 2 IBDATA(NIG4)) 00003140

CALL AXIS(=1+5+040922HCHAMBER FRESSURE (PSt)y V0u031%50

U] +229YT1990e0+IBDATA(NLIBS) 9 IBDATA(NLG0S)) 00003160
XDUMMY (1) =0,0 00003170
XOUMMY (2)=0,015 00003180
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FORTHAN ]V O LEVEL 21 MAInN BATE = 75166 07/44/746

u229 CALL SCALE(AULMMYoX192¢)) 00003190
0230 TF Y XUUHMY (S) 00003200
0231 TOV=XDUMMY (4) 00003210
0232 IduaTA(NLBel)=TFY V00032290
0233 IBDATA(NI9y]1)aTDY 00003230
0234 CALL AaXIS5(0s090.0033RTIME FROM PRIMER STRIKE (SECUNDS)» 00003240

L4 «33sXT90,00TFVeiLV) 00003250
023% caLL L NE(IBDATA(Le1) ¢ IBOATA(L142) sNSET919795) 00003260
0236 Cact LINEC(IBUATALL91) s 18DATALL93) onSET910700) 00003270
0237 CaLL CINETIBUATA(Lo1) « EBDATA {1 04) oNSETele791l) 000032380
0238 CALL UINE(IBDATA{191) ¢« IBDATAL1¢S) oNSETe1e7912) 00003290
0239 CALL LEGAD1 (E,1046,0001) 00003300
0240 CALL PLOT(20e000¢0:+3) 00003310
Va4l XUUMHY (1} =210,0 00003320
0242 ADUMMY (2128040 0e00333v
0243 CaLL SCALE(XDLMMYsXFe2e1) V003340
0244 PEVZXOUMMY (3) 00003350
0245 PLVZXOUMMY (4) 00003360
V246 [EDATA (N8 2) =FFV 000031370
02art 18DATA(N]194+2) =0V 000v3380
0248 CALL AXIS(G-Us040940rPROJECTILE POSITION UOwN HARREL (INCHES)s 00003390

v =409 XP90s0sPFVPDV) 00003400
0249 CALL AXIS( 0e000,0925HFROJECTILE VELUCITY (FPS)o 00003410

W 42597490405 ILDATA(NIB9I) o IEDATA(N]IY93)) 00003420
0250 CALL AXIS(=0e500e09I3HPROJECTILE ACCELERATION (FEET/SEC/SEC) 90003430

[ *3beYI950.0¢e IBUOATAINLIY»4) o JBOATA(NLG44)) 00003440
02%1 CALL Ax15(=]140204002.HCHAMBEN PRESSURE (FSI)y 06003450

¢ ¢229YT 990409 [BDATA(NLIB9S) o JBUATA(NLG45)) 00003460
0252 CaLl LINE(IBUATA(L92) « [BOATA(L93) 9NSEl¢}e790) 00003470
0253 CALL LINE{IBDATA(L1¢2) +IBOATA(194) oNSETo197011; 00003480
V2SS4 CALL LINE(IBUATA()+2) o IBDATALL95) oNSET¢197412) 40uu3490
0255 CAL. .t GADLI(7.B004e6042) 49003500
0256 CALL PLOT(2Ue0¢0e09=3) 003510
0257 CALL SCALE (uBLCON(1+4) 2 YTeNSET 1) 00003520
0458 WwFV=BBLCON(NI8y &) 000v3530
02%9 WOV=BBIL.CCN(NLY9y4) 00003540
G260 BBLL(N18+9) 2UFY 00003550
0aol B8L ] iN1994) SV 00003560
0262 vl (N]18el) =UFYV 06003570
U263 3L {N199a) =Ry 00003580
0264 sBLI(N1B8+4)=GFY 00003590
0265 8L I (N1994) =G0V 00003600
V266 HBLAER(N]18s4) 3CFY 0v003610
0267 BHLHER (N] 944 ) 2LUV 00003620
0268 BHLAMC (N18y4) =GF Y 000U3630
269 uBLAMC(N]1Geu) =40V 00003640
0270 BHULCUN(N18s4)2GFy v0003650
0271 BBLCUN(N19+4) =G0V V0003660
v2r2 ADUMMY (1)=0,0=1000, 000036170
ve73 XDUMMY (2)=10000, 00003680
02764 CALL SCALF (XDUMMY YT 9241) 00003690
027% SHKE VEXOUMMY (3) 00003700
276 SARNDVEXDLMMY (4) 00003710
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FURTRAN |V o LEVEL ¢) Majn vale = 75166 91744746

0217 ALUMMY (1) =0, 0=4000. Vuu03720
Celn XUUMMY (2) =4 0000, yuo03730
0er9 CALL SCALE (XUUMMY YT 4241) 00003740
({2 1] sbaRF V= XUUMMY (2) 00003750
02l of ARDV=XOUMMY (4) 00003760
Jlee ol l (NJds9) =Srkb v 00003770
uled ubL 2 INY8+9) =SHRE V 00003780
Ursee »HLIINLIBe9) =5nkFY 00003790
024y sol “C{NLB4Y) =SHRFY 00003800
U<ddo oL AER (W18 9) 3SHkf y 000v3810
vee? nSLCON(N]F,9) =SHKNFY 00003820
0254 aBLL (N1 9Y) =SHNUY G00u3830
veay dBLZIN]IY9) =5nhuy v0uu 3840
ueyu Rt 3(N1999) =5HRUY 00003850
9291 UOLAMC (N]1949) =5rikpDy 00003860
02ye “BLNER(N]I949) =SHKDY 09003870
0263 #8LCON{N]949) 28ARDY 00003880
U294 PALCON(NIBy ly) 28t ARF Y 00U038Y90
0295 BUBLHER (NG, 1) sk AKf V003900
0esh IBLAMC(N]B.1U) SR ARFY 00003910
ues? solI(N18e10) =3LARFY 00003920
0268 BuL2(418e¢10) SgEARFY 00003930
0299 SBLL(N)I%¢10)=BLakFy 00003940
0300 YL (NY9Y10) =8 akDY 00003950
[TRIVD] Bl 2(N19+10) =BEAKDY 00003960
0302 HELI(N1G410) =dE ARDY 00003970
U303 BHLAMC (N9, lu) 2ot AkDY 00003980
Vsua oBLAER(N]G, 10) 2sEak)Y 00003990
030% SULCON(NLYy [ U) sobAnDY 00004000
vJue ET=140 00004010
(oeavo ULTFUT Furn h=),6 BAkREL A AR AL AL IR V0004020

03¢/ ARITE(641) 00004030
C3¢6e 1 FORMAT (]t 1 VSIITIIIIP 12270777 10ty 20Xy 06004040
" POARKEL 1 3 DEGREE INITIAL ANGLE, 8,967 EXIT, Yz2.,0064500004050

19060408 .6, N=}.6 BARREL?Y) v0004060

Vouy ak T (64400) 00004070
vilo “00 FORMAT(' Yy vpAnKEL 1y 3 OEGHEE INITIAL ANGLE 8.967 EXIT, Y¥Y=.0064500004080
1Scheree] b, N=1,6 BARREL?') 00004090

vill WRITE (€921v) 00004100
vsle VO 210 JzlWnseET 00004110
vit3 lmth_(l-ZOO)JoIdLAIA(JvZ)odel(Jcb)vdel(Jo‘o)oebLl(JOS)o 00004120
uunLl(J,y».nuLl(Jolh,'lbDATA(J.l)yBBLl(J97).J 00004130

vialae 270 CUNT INpE vIU0s 140
0415 wifE(a,?) 00vu4 S0
0ilA Calt FRLCTUNSET s Lo IsUATA(L142), BBLIC19G) s0sSETySETsSET,SET) 00004160
u3i7z WRITE (69 8) 00004170
0din CALL FRPLCT(NSET Lo luUATA(L ]}, BBLL(144) 90e1SETWSETWSET,SET) 00004180
u3ly CALL AK1S(0+Us0s00ISHTORQLE SFINNING PROJECTILE (INeLHS), dJugisi90
& 309 YT990,04GF VaGDV) 00004200

U3cd CaLL AXIS(04U9040940FPROVECTILE POSITION DCWh BARKEL (INCHES) o vo00a210
W ~409XP30,09PFVPLV) 00004220

0321 (WINR LlhE(ldDATA(l.Z)oBBLl(l»k).NS£I,1.15o11) d0yda230
¢322 caLy SYMBOL(4o2v7.b,-£1012hN=1.b BARREL ¢yUeQ9+12) V0004240
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FORTRAN lv u LEVEL 2] FAN DATE = 75}166 01/44/48
u3e3 CALL Llwn(luUAla(l'd)'BBLI(:oQ)thtT'loeb.l) ¢ v0a2s0
0324 CALL LING (IBUATATL142) +8BLL(La1u) sNSETs)leclse; 04260
v3es CALL ARISI-1400040035HSHEAK STRESS UN RUTATIAG oANL (PS]), YouL«270
l’350Yf.90.0vSHkFVoSHRDV) 20004280
0326 LALL AXIS(=459000937nBEARING STRESS ON RUTATING B8AND (PS1)s vt v04290
l037.Y?.Qu.o.bEnRFV’H&ARDV) Cuul4a 300
vie? CALL LEGEND(6.90041,222) Loova3ly
0328 CALL PLUT (1504040 0=3) 10004 320
v 129 CALL AXIS(0e0sueUsISKTORQUE SFINNING PRCJECTILE (IN=LES), 410004330
» *399Y7990,09GFVeGDY) 0uUUG4 3ay
u3do CALL AXLS(0300000933FTIME FRUM PRIMER STHIRE (SECUNDS) » nUbus 3SY
« =330XT90eCoTFVeTUV) 00404360
Us3) CALL LINE( IBUAYA(lvl)rBBLl(lyw)thtTololbcll) vULLs 37y
0332 CALL SYMBOL(44297e5v421912HN=] 46 BAKREL 90400412) 00004380
0333 CALL PLOT(156090400~23) W lys 390
Cevans GUTPUT FOk N=148 BARREL tonsssanonaay 00V0s400
V334 wRITE(6hy2) 00004ulv
0335 2 FORMAT (1] 14 S HIIINIII20207727277 10%s 20Xy GUdgaaly
w YBARKEL 2+ ) DEOREE INITIAL ANGLEy 8,967 EXITy Y=eu0elu00004s 30
1/649585] .8, A=le8 BARREL?) 00004440
0336 wRITE (64410) 00004450
vi3? 410 FORMAT(t] ', "nAKREL 2y 3 DEGREE INITIAL ANGLEy #,967 EXITy ¥Y=4002}000004460
l7649x00) .4, h=1.3 BARREL?) 0900670
4338 wRITE(64+210) 0U004al0
v339 VO 260 J3]yNSET 00004490
UETTI] udl!E(bo?OO)J.ldDATA(J'Z)988L2(Ja6).BBLZ(J.“):BHLZlJab)o 0400a500
thLd(J.?)oB&LZ(JolO)cIBDATA(Jvl)o88L2(Jn7)’J 00004910
vivl <60 CONTINLE 00004520
VETY WRITE(647) 00004530
0343 CALL FPLOT(NSE1vlvlb0ATA(192)v BBLe(loé)'OvSET;SElosfl'SET) 00004540
G344 wRITE{648) G0004550
0345 CALL FPLOTINSETs1¢18DATA(LsL), BBL2(1+4) 209SETHSETSETHSET) U0UV4S60
0346 CALL AXIS(0¢0600.0¢3SHTORGUE SPINNING PROJECTILE (IN=LBS) 00004570
o *3007T990.05GFVetLDY) B0VYLSBO
TRy CALL AXIS(04%10.0940FPROJECTILE POSITION VUWN BARKEL (INCHES) » 00004590
™ =409 XP 904 0+PFVPDY) VUVU4600
0348 caLL LINE(IUDATA(!:?)’EBL2(1v4)0N5E751115911) V0V04610
[TRIQM] caLL SYMnOL(Q.Eo?.S'-21.12hN=lc8 BARREL s0,09¢}12) Juuuel
0350 CALL LINE(IdDAlA(JoZ)'bBL241.9).hsEToloeb.1) UuLua6d0
YR} caLL L[N&\IdUAIA(l.Z)988L2(l;10)o~$£701120'2) V0u0sbal
0352 CALL AXIS{=454000037THBEARING STRESS ON ROTATING BAND (FS:), 000046,0
1¢3/0YT490,00EARF VeBEAKDVY) 00004ob0
0353 CALL AXIS(=1e000e0935HSHEAR STRES® ON HOTATING HBaNU (PSI) o 00V0sb0
14350749000+ SHKF vy SHRDV) 0ULLubB0
0354 CALL LEGEND(6,UCU1,222) 00004690
uJdss CALL PLOT(1S¢0s0000=3) 00004 700
0356 CALL AXIS(0e09040935HTORQUE SPENNING PROJECTILE (IN=LbS), 0000varl0
W *359YT990.09s4LFVeQDY) 00004720
0357 CALL AXIS{0eUs0eU9IIRTIME FROM PRIMER STHIRE (SECONDS) » 00006730
w =339X140402TFVoTOV) uQU04 740
0358 CaLL LINE( IBCAIA(lvl).BBLZ(lva)oNSEToloIS.ll) 00004750
0359 CALL SYMBOL(h.a:l.S..21»lEHN=l.8 BARREL+0,Ue+}12) 00004760
0360 CaLL PLUT(152040,09~3) VOu0a7/vy
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FURTRAN IV O LEVEL /1 MAIN DATe = 751606 0//44s4c

uUJ3él
0302

U3n3
[VRITA

03¢5
03e6
367

d36k
0369
L370
0371
0372
0373

v374

0375
V376
0377

V3’8

vsl9
2320
['RED!
Gige
033

vind
[URY. 7o)
[FXB

U $RR
ERELY

V4590
XT3}

v 192
PRUK]
v i394

€395
6396
(367

Cedecao OUTFUT Fux N=2eU DAKREL (2222222 2 2% J 00004780
Wil fE(6e3) 000041790

3 FUNMAT (11 ¢, S SIS 22277777 0%y 20K 0060480v

“ toAkKEL 3¢ 3 UVEGRLE INITIAL ANGLE. 84967 EXITy Y=.0006600004810
lavovXee2 0 N=2.0 wARKEL?Y) 000904320
aRITE(64420) 00004830

42U FORMAT(1] ' gtpaknEl 3¢ 3 DZGRZE INITIAL ANGLE. 84967 EXITs Y240006600004840
leveaxea2 04 N=2.0 dARREL') ¢0004850
WHITE 69l D) v0004860

L0 250 J=1eNSET 00004870
aRITEL160200)Js1BUATALIY2) y8BLILUVE) 986LI(J94) 9sBBLI(JeS) 00004880
UAnL31Js9) 988L31J010) «1BDATALUG1) 988L3(JUe7) 9 J 00004890
250 COnTINUE 00004900
WrRITE(6e7) 00uvv49l0
CALL FPLCTUILSET 91 91BUATALL2) s BBLIU1»4) 90 sSETHSETeSETHSET) u0004920
wRITE(698) v004930
CALL FPLOTINSETololuCaTAl(lel)s BBLI(1+4) o0 SEToSETeSETHSET) 20004940
CALL AXIS(Us040s0+35HTORQUE SPFIANING PROJECTILE (IN=LBS) v0004550

¢ *354Y1990,09CFVGLV) 00004960
CALL AXIS(04UsU40940rPROJECTILE FOSITION OCWN BARKEL (INCHES) s 00004970

- «404xP90.0sPFV4PLV) 00004980
Cotl LINE(IBOATA(]+C)9BBLILL0) oNSETH) 015911 00004990

CALL SYMEOL (44517459421 9120N=2,0 BARREL10,0912) 00005000
ALL AXIS(=14090¢0035HSHEAR STKESS ON ROTATING BAND (PS]), 00005010
1435:1YT99040954kFVeSHRDV) C0u0nH020
CALL AXIS(=eD520+0s37nBEARING STRESS On RUTATING BAND (PS1)y v0005030
1¢3726VT490.0sbepAPFVysEARDY) “YQUH040
Catt LINT (IncaTa(leg) oBLICL92U) oNSET192092) 40005050
CALL LINE CIBUATA(L92) s58L3(1 49 oNSETe142541) 00005060
CALL LEGENRC (6,000 L 2! vIv05070
Cacl, PLOT(15¢090,00=3) U0005080
CALL AXIS(Le01040+384TURQUE SFIANING FHUJECTILE (IN~-LBS), 000J5090

L] +399YTe90,09CFVyLOV) uuus100
CALL AXIS(OeVetleGs33rTIME FRUM PHIMER STINIKE (SECONDS) ¢Gu0Stlo

" =33+xT1040¢TFVTLV) L8120
CALL LINEC iBCATA(L 91} oBBL3()16)snNSET 1015011 60005130

CALL SYMBO. (4ec1 745042101 2hN=2,0 BARREL s0400412) 00uY5140
CatL PLOT{15e09Geur=3) Y I095150
Covoesn OUTPUT rOn KIA Barxoy “DBPBOUOBORRD UN0Ys160
wn [ TE (644) 00005170

4 FORMAT ] 0 Y SLIILI S0 07277 Y0y 20X vGLUS L8O

2 TPRESENT wlA AMC 30 wARkELs 1IN FREE RUNs 11.79IN CoHSTCOLOS)90
tant EXIT AT 8,96/ LEGREESY WIA BARRELM) 00uYL200

wr ] TE (654430} u005219

430 FORMAT (S [ g 'PRESENT 1A AMC 30 dARkbt s 1IN FREE RUNe 11.75IN CONST00005220¢
1ANT EXIT AT dev6/ UEGREESY A BARREL?') u0005230
ARLTE (64210) vuuy'z240

DU 400 J=1NSET 00V05250
WRITE(E1200)velolLATA(U2) vBYLAMC(U96) «BBLANC(Jea) »yBBLAMC(U4S) 0CUvsI6L
1u8LAMC (Je Q) 2BBLAMC (U2 10) 2 IBOATA(Uel) o BBLAML (U0 7) 0 d 00005 7"
460 CONT]NUE Qovis2Ru
ARITE(647) 00005230
CALL FRLOTINSET 1o IBCATA(L92) vuBLAMC(L44) s 09SEToSETHSETISET) 00005300

A-11

ol



FURTRAN IV G LEVEL ¢! MAIN DAIE = 7516¢ 01744748

0368
0399
va00

ue0l

0402
0403
0404
u4is
0406

V407

beyB
0409
0410

vell

el
0413
0414

0415
0416

val?
0ulg

04ly
0420
0421

Q422
0423
Qacy
04c¢s
0426
0427

ucly
0429
0630
Va3)
0432
04233
0434

vs3s

w[TE (H98) 00005310
CALL FPLCTINSET o1+ IBUATA(L9]) oBBLANMC (L 94) ¢0sSETsSETSETeOLT) 00005320
CALL AXIS(Ue090e093SHTORQUE SPIANING PRUJECTILE (IN~LBS), 00005330

w +355YT190,09QF VeUDYV) 00005340
CALL AXIS{04C+040¢40~PROJECTILE POSITION UOWN vARREL (INCHES)» 00005350
w =409 XP90409PFVPOV) 00005360
CALL LINECIBDATA(142)98BLAMC()¢4) oNSETel915411) 00005370
CALL SYMBOL (3429750421 910HRIA BARREL40,09+10) 00005380
CALL LINF(IBDATA(]+2) ¢BBLAMC(199) oASET 142541} 00005390
CALL LIMECIBUATA(L22) +BBLAMC(1910) oNSET9142042) wu0Y%400
CALL AXIS({~1409040+35HSHEAK STRESS ON RUTATING BANL (PSI)y 00005410
1¢354YT490409SHRFVSHROV) 00005420
CALL AXIS({=6590409ITHBEARING STRESS ON ROTATING BAND (P3[), 06005430
163731149040 9BEARF VeBEARDY) WU005440
CALL LEOGENC(6,00091.222) V0005450
CALL PLOT(1%¢090,09~3) V0005460
Catt AXIS(0e040,0:35HTORULE SPINNING PROJECTILE (IN-LBS). 00u0S470

w «350YT490,09GFVL0QOV) 00V05480
CALL AXIS{0¢09040933NTIME FRUM PHIMER SINIKE (SECONDS)» 00005490
] =331XT30400TFVyTLY) 0eu05500
Catl LINE (ToDATA(L4])) 9BBLAMC()44) oNSETe2915011) 00605510
CALL SYMAOUL (3ete7e51421010RRIA BARREL0,0s+10) 00005520
CALL PLOT(}De0sus09=3) 000us530
(ensan OUTFUT FUK RERCULES BARKEL Ganaposaned 00005540
wrlTe (695} v00USSHO0
S FURMAT (1] Y LSV 777777 100 20Ky 00005560
@ YPRESENT HERCULES BARREL wlin 0o INITIAL ANULE»&.9667 V0005570
1AIT ANL Y=,01008%x0e],51) 0uv05%580
AHITE (Ggbii) 0000590
440 FORMAT (1} 'PRESENT HERCULES BARREL wlTh 0. INITIAL ANULE+B49067 E£OV005600
1XxIT AND Y=,01008%x8e),51) 00005610
we{TE (602} 0) 00005620
M0 470 Js1NSET 00005630
Wt TE(69200) JeIBUATA(JU2) +8BLHER({J16) +BBLHER (Js4) osbBBLRER(J9S) 000uS640
156LHER(U99) o+ BBLNER (S0 10) o IBOATA(UA]1) oBBLRER(J97) 9 Y 00005650
470 CUNTINUE 00005660
WRITE (G 7) 20005610
CALL FPLOTINSET o1 o IBOATA(112) +BBLHER (2 v4) o0 eSETSET oSk T ek 1) 00605680
wITE (643) 00005690
Catl FRLOT(NSET sl oIBDATA(L91) +BBLHER(I94) o09SETeSEToSETaoe ) ngoYs 700
CALL AXIS(0«090e0+3SHTCROUE SFINNING PROJECTILE (IN-LBS)» vd005710

[C +359YT090,09GFVQOV) v00bs 720
CALL AXIS(0sVU90eU940HPROJECTILE RPOSITIUN DUWN BARKEL (INCHES) 000U 730
@ ~4usXP 10+ 04PFVIPLV) 00005740
CALL LINECIBLRLTA(]L42) oBUBLHER(]1464) yNSET91915011) 00005750
Catl SYMBOL (340074594219 19HHERCULES BAKRELY0409y¢1%) V00UsS 760
CALL LINE(IBUATA(142) oB8BLHER(]1+9) ¢NSET914250)) 00005770
CaLL LINE(TBUATA(]+42) «BBLHER(1210) +NSETe142042) 0000574y
CALL AXIS(~1609000935HSHEAR STRESS ON KOTATING UAND (PSI) wueusS 7990
1439077990609 SHRFV 9 SHKOV) 00005800
CALL AXIS(=e5904093/HBEARING STRESS CN RCTATING BAND (FSI), 0000%810
3¢379YT990409BEARF VeBEAKDV) 00005820
CALL LEGEND(6e611914222) V0005830
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FORTRAN Iv G LEVEL <21} »alN DATE = 75166 V7/44/40

0636
0437

0«38

U639
Y}
Vo }

V662
G443

DT
Cuen
Vaubh
Va7
Coed

Y69
U450
065}
V452
0653
vahe

ushS

a6
vet7
IS
UsbY
v+e0

Ouei

vehe
[T ITY Y
Qués

v6éS

(Y1
Cat?
ua6bs
(909

valy

[T
0472
06473
Q4746
vals

Cacl PLGT(1S5e00ue09=3)
CALL AXIS(0+0104043SHTORQUE SKFINNING PRCOUECTILE (IN~LBS) .

“ 435077990, UeCFV LY}
CALL AXIS(0eUs0e0933RTIME FRUM PRIFER STHRIKE (SECONUS)
[ «339AT90,99TFVeTLY)

CaLl LINECIBDATA(Ls1) +B88LRER(104) oNSETeletbel1l)
CALL SYMBOL(34097¢5042)115SHHERCULES BARREL10.99415)
CatL PLOT(15040404-3)

(edeea UUTFUT FOR CUNSTANT TwISY BARKEL eescave
al]TE (646)
6 FURMAT 9]¢y C S LIII177277777727 20t 20Xy
] YCONSTANT TwIST BARREL )

WRITE (£49450)
450 FunMAT (1] *+'CONSTAN, TwIST BARREL?)
wRITE(64210)
UU 480 JzleNSET
A ITE(69200)JeIBUATA(J92) 9BELCON(U6) +BBLCUN(J9a) oBBLCUN (IS )
JeolLCUN(J19) s8BLCUN(J2}0) 9 IBUATA(I 1) 98BLCON(J97) 9
480 CunTInNUE
AaRITE(65T)
CALL FPLCTINSET sl o18LATA{142) yBBLCON(Ls4) 90¢SET»SETSETHSET)
a[TE (648)
CALL FPLCT(NSET o1y IBCATA 10l) +BBLCON(L+4) 909 SETSETISETHSET)
CALL AXIS(Ue09sUe093ISHTORQUE SPINNING PROJECTILE (IN=LDS))

B +399YT 290, 04GFVGLV)
CALL AX]S(0.U+0.0940-PROJECTILE POSITION DOwWN SARKEL (INUCHES)
@ LU Xr Q.0 ePFVIPUY)

Calll LINECTRUATL(L42) +BBLCUN(L90) oNSET el 9l5e1))

Call SYMMOL (SausleS0.21 92 PCONSTANT TWIST DARREL1040eely)
Calll L (ToDATallel) obBLCCW(1910) WNSET 1920427

Calll LINE(IBUATA(]142) ouBLCON(]49) 4ASET 142541

Cal. AXiS(=1.00u40935nSHEAK STRESS On RUTATING baNy (PSD)
14390 Y 7990« 0o SHEF VeSrinY)

CALL AXISi-e9eCe0es7rBLARING STRESS UN RUTATING SAND (PS51),
Le374YT av0atienEARF Vst ARDV)

CALL LEGEAT 2450V 3,900)

Cautl PLOTCIDeUs0edr=2)

CALL AX1IS(wa090,Ue35SHTORQUE SPINNING PrOJECTEILE (IN~LBS),

" ¢ YT oYU, 0eGFVubVY)
CALL AXIS{ eusUeles3nTIME FRUM PKIMERK STRIKE (SECUNDS)
“ =339 XTeveveTFVyTLV)

CAt LINECTODATA VL o)) oBBBLCONC] 96) oNSETe yi501 ]
LALL SYMHOL (L eUs7e5¢4 2102 HCUNSTANT Tw]ST BARREL VoD y)
CALL PLOT(1De0490,0L4=3)
CALL AXIS(0eUsUeUraURPROJECTILE PUSITION DUWN BaxKEL (INCHES)
- =609 XP a0 Y ePFV,PLV)
CALL AXIS{0sUs0sCys7rBEARING STRESS CN KOTATING BANL (FH1) .
1+374Y¥TaYue0rdEARF VoL AKDY)
CALL LINECIBUATA(Lv2) oBBLIC1910) oNSET o) 9¢2004)
CALL LIHE(IHBUATA(]Lc¢2) oBBLMEK{1910) oSET 91941501
Cabt. LINE(IBUATA(Ls2) +EBLCUN(] 930) oNSET el s¢2549)
CaLl CINE(IBUATA(L ) vBBLAMC(1910) oNSETe19+304%)
CALL SYMHOL (Cot4096s00ceo07¢10MRIA BARRELoAOeelC)
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eu00SR40
00005550
00005a€0
0000507y
wu005680
33905850
00005900
Ou00SYly
00005y2v
v 005530
00U05940
09005959
00005960
tLU 05970
tuusy8y
49005990
¢J006000
Vo060l
00006020
0uyus03y
00006040
LO0VE0S0
00005060
00006070
00006080
000060y 0
000061ILY
VU0E10
VLU0
vYo0ei 30
Ouduoad
Yuulblsy
Ovuueicy
Youle; Y
T 3-11)
nnL0e1s0
U6ty
J0L0621UL
10QeVeELl0
Co0v6240
vuueded
0006259
viubea?
veLOs2/70
MY
00006250
00006300
DRITHV X3 ]
JuLedlv
Suu06330
KDETVCR Y
vuuG6350
050036y




FURTRAN IV G LEVEL 2} MAIN DATE = 75166 0?/4u/66
0676 CALL SYMBOL(5,]0014,063¢s07¢i2FN=)eb BARKEL 90400412} upuvelly
06?7 CaLl SYMuOL(645006945000407s1SHHERCULES cARREL1OLU*]S) 00006 30v
04?8 CALL SYMRUL (64701924200 9¢0792LFCONSTANT TwlST BARKEL10s00e42]1) 00006390
(79 CALL SYMUOL (CerS17¢59¢2112THBEARING STHESS CCMPARISIONS0.049927) 00006400
u-80 CALL PLOY (156040 e09=3) 00006410
[IEY-3 CALL AXIS(0eVs0U94ONPROJECTILE POSITION DOWN BHARREL (INCHES) 00006420
o] - ~409XP90,0+PFV4PLV) 000u6u30
Vuece CA L AXIS(0,090,0935HSHEAR STRESS On RUTATING BAND (PSE)Y 00006440
19350YT 190609 SHRFV ¢ SHrUY) v0006450
Veed LALL LINE(IBUDATA(]92) ¢BBLYI(199) oASET1]1942094) 00006466
0664 CALL LINE(IBUATA(]192) oBBLHEK (149} yhSET919415s1]) 00006410
VeisS CAil. LINE(IBDATA(]192) +BBLCON(]149) +eNSET41+42545) 000064380
0u8b CALL LINE(IBDATA(L+2) «BBLAMC(199) oNSET419030+9) 60006450
vag7 CALL SYMBOL(64k4016,4580,079)0hRIA BARKEL90,09¢10) V0006500
[ICY°F CALL SYMBOL (0459319461894 07912HNS] 06 BARKE; 90.0,+12) 00006510
0489 CALL SYMBOL(S4U009445209eU792SHHERCULES BAKREL L0915 00v06520
0490 CaL  SYMBOL (046329246045 407 92 HCONSTANT TWIST EARKELv0s09ec]) 10006530
0491 CALL SYMPOL (2462597 ¢990421125HSHEAR STRESS COMFARISIONS0.0942%) 00006540
0452 7 roxMAT ('] ty  SGRAPR CF TORQUE VS POSITIGAY) 00006550
0493 8 PURMAT(']1?y  'GRAPR OF TORQUE VS TIME®) 00006260
Usba 200 FORMAT (! 141392FG434F16e31F106,492F1662¢F845¢F13,3419) 00006570
61§ 210 FORMAT (1 vo//7¢b ot g FOSETION? 9SXatY12)0Xet TORQUEt ¢6X9! SHEAR AKO00006580
AEA e 00006590
13X« SHEAR STNESS BFARING STRESS TIMe RIFLING ANGLE vty 00006600
2701 1eLXe' (INCFES)  (INCHES)?, 00006610
2oXet {In=L B3 19EX9 ' (INCHES#92) 196X ot (PSL) Y0 i0Xo? (FSI) Y, 00006620
46Xs ' (SECCNDS) (DEGFEES) Y 9///4* 1) 00006630
06%6 CALL TRAPUINSET2IEDATA(]91)98BBLY(144) 9SUMITT) 00006640
0097 LOLL TRAKF(INSET2IBUATA(]:1)9BUL2(144) 9SUMRTT) 00006550
0svg WALL TrAP(ASET o JEBUATA(191)o8BBL3(]44)4SUMITT) 00006660
0699 CalL THAP(NSETy[BDATA(19]) 2 BLHER (] 94) 9 SUMRTT) 000066790
0500 CaLll TRAP(NSET»JBUATA () o1) oBBLCON (] 9e4) 2SUMLTT) U0v06680
0501 Lol TRAP(NSET o TW0ATA(191) 98BLAMC(]44) sSUMATT) 00006690
Go92 Catl TRAP(NSET1BODATA(Lel)sBbLY(1410) 9SUMLET) 000v6700
vo03 CALL TRAP(ASETyIBUATA(]141)9BBL2(1¢10) 1SUM2LT) 00006710
0504 CALL TRAP(NSET[EUATA(] 21} sBLICEZ10)ySUM3ET) 00006720
0205 Catl TRAP(ASETyIEVATA(191)oBBLRER(Ly10) 9SUMHET) vov06730
0506 CaLL TRAF(NSEToleodATA(]191)98BLLUN(L410)sSUMCBT) 00006740
0507 Catt, TRAP(NSETIcUATA(Lo1)988LAMC(1410) 9SUMABT) 00006750
0508 CALL TRAP(NSETsIvuaTa(lel) sBBLI(11G) ¢SUMLIST) 00006760
0509 CALL TRAP(NSET18DATA(L9]1) 4BBL2(1+9) +SUMEST) 00006770
¢Slo CALL TRAP(NSEToIuDATA()e]1)9BoLl3()49) 9oSUMIST) 000V 780
0511 CALL TRAP(NSETsIbUATA(Lle]l) sBulbEn(199) ¢SUMHST) 00v0e790
wyl2 CaLL THAP(NSETyIBUATA(LsL) +BBLLCON(]+9) ¢SUMCST) 00006800
us1i3 CALL TRAP(NSETeIbUATA(14]) 2uBLAMC(149) ¢ SUMAST) 00006810
0516 CALL TRAP(NSET IBUATA{1+2)9BBLY(144) ¢sSUMITF) 00006820
0519 CALL TRAP(NSETIEDATA(192) sBBLZ(144) s SUM2TF) 00006830
0916 CALL TRAVIASET»IHUATA() 92) +88LI(1¢4) + SUM3TP) 00006840
0517 CALL THAP(NSET o IbDATA(142) sBBLHER(144) ¢ SUMKTF) 00006850
Osl8 CALL TWAP(NSET+IBUATA(192) +BBLCON(]+4) cSUMCTF) 00006660
0519 Catl THAP(NSET+IBUATA(142) 9BBLAMC(]144) ¢SUMATR) 00006870
0520 CALL TRAP(NSETIB0ATA(192)9BBL1(1910) sSUM]BP) 0000688¢
0521 CALL THAP(NSET1EVATA (] e2) oBBLE{L1e10) s5UMRBP) v0206890 .
A-14
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FURTRAN [V G LEVEL 2} YALIN

0522
053
0524
0525
0526
0%¢7
U524
0829

=3v
053]
0532
0533

05 34
[TERI
usl6
V37
vh3ad
v>39
0540
54}
vus4e2
09563
05«06
0545
[T
wou/
134K

Yoahy

0550
0581
ah2
v553
05%4
058S
Uhhh
use7
us%a
0559
0560
[IRY-3]
U5

175

DATE = 75166 07/44/4¢
CALL TRAP(NSET s IBDATA(1+2) ssBLI(1910) o« SUM3EDP) 000UE900
CALL TRARINSET+1804TA(])+2) edblbeR{1910) +SUMHEP) 0u006910
CALL TRAP(ASET+IBUATA(])¢2)9BBLCON(14910) ¢SUNCLP) v0006920
CaLL TRAP(NSETIBDATA(]¢2) osBLAMC(1410) 2SUMABP) v0V06930
CALL TRAPINSETsIEDATA(L¢2) sBBLI(149) +SUMISP) 00006940
CALL TRAP(NSET+I8DATA(1+2)sBbLZ (1Y) s SUMZSF) 045006950
CAll TRAP(NSETeIBUATA(]142) oBol3(10G) 2SUMISP) 00006960
CALL TRAF(NSETo1EOATA(]+2) stbLEER (149) 9 SUMRSP) V06970
CALL TRAPI(NSETsIBOATA(1+2) o8BLCUN(]1+5) 9 SUMCSP) HovvE9L0
CALL TRAP(NSETeIeOATA(1+2) sBBLAMC(]199) s SUMASP) 00006990
wRITE(64775) 0vLu70060
FORMAT (Y )Sy //7/77/7/7y Vommom== Ladadd cerreccenee=00007010
We== [NTEGRAL VALLES =~ eman crweeeat s YUY 7020
W /g VevoseseaRason JukYLE oetesdsasdani, YHx, 90002030y
[ (-2 22 22 ] hthk STRESS DIDQOODQOI, SA. ()0(}070[40
I3 toausnade HEARING STRESS ##eecaesr, /, 00007050
W [ wri 1lee wRkY POSITION 09+ 5Ky 30007060
o U WRT Tive arT POSETION Y 5X» vouu /070
@ ' WrRi TIME wRT POSITICN s /» 00007080
W v (IN=LH~SEC) (IN=LE-~IN) 1y SXy 00007090
¢ ' (PSI-SeC) (PSI=IN) ty SAy 00007100
W ' (FS]=SEC) (FSI=-1IN) ty //) 00007110
AHLTE(69776)SUNMLTTeSLMLITPISUMISTSUMISP e SUNMIBT »SUMLBP 000v0/712v
FOXAAT(t 'y *N=leb UARRELYy /9 J(E16474E166795X)s7) 00007130
WRITE(6+/777) SUMETT SUN2TPySUM2ST ¢ SUM2SF s SUMZHBT o SUMCBP uvluZl4u
FORPAT(Y Yo 'NS1,B S3aRREL's /9 J(E164T921667195X)¢7) Q0U071%0
wHITE (69 778) SUMITT SUNITPaSUM3ST ¢ SUM3SP ySUMIET + SUM3HP 00007)60
5 FORMAT (Y 'ty INZ2,0 BARRELSs /o 3(E16¢T9se164715XK)47) 000071/7v
WRITE(69775) SLMETI SUMHIP»SUMPST 9 SUMHSP 9 SUMERT ¢ SUMHBP 00007180
FOKMAT (0 'y 'HERCULES BANRREL's /9 3(E16e748166792X)14/) 00007199
WPLTE(64780) SLMCTToSUNCTPySUMCST ¢ SUMCSP 2 SULMCAT 9 SUMLEY 00007200
FUKAAT (Y Yo SCCNSTANT TWIST OSLKREL'y /s 3(816e70L16e745X)27) uNuo7210
ARITE(6478)) SULMATT4SUMATR Y MAST ¢ SUMASP ¢ SUMABT ¢ UM LGP 060007229
FURMAT (Y te 'RIA dgakwEL'y /9 3(EL16471EL164745X)47) sOOL7230
CALL FACTUK(1.0) u0uV /z35
Cale PLOT(IDe0suot)o=1y) ne007240
Chrl AXIS(0sUs0,0440~PROJECTILE POSITION DOwN HAKKEL (InfreS) vouu 7250
m “GUs APy Dt o PF Vo PUY) VoLV 1260
CALL AXIS{04Us0,0¢30rTOCRUUE SPINNING PROJECTILE (IN=L4b) e vuu07270
14370 YT s 90+ 09 WF veLOV) 0oeu /280
talll LI E(TBUATALL ) obBLL1(194) JNSET 41920 40) 000607290
CALL LINE(IBDATA{19/2) 2tBL2(124) sNSET910¢20192) 00007300
CALL LINE(IBUGATA(1+2) o8 3()04) s NSETel922044) 000607310
CALL LINE(IoUDATA(Le2) ottBLRER(106) 9NSET919¢1591) 00007320
CALL LINE(TUDATA(]92) +8BBLCON(]94) 4sNSETe1942545) 00007330
Lol LINE(IBUATA(]v2) oBBLANMC(144) yNSET914+3049) 00007340
CALL, SYMHOL (6,560 96404214U7910FRIA BARREL +0400¢10) 0V00 /350
CALL SYMBOL(7,145934990087912FN=146 BARREL90400+12) vdou 7360
CALL SYMuOL(7,1000443510407912HN=],8 BARKEL+040r+1c) 00007370
CALL SYMBOL (6,59214.68214079120N=2.0 BARKEL Q.U +]1C) JU007380
CALL SYMHOL (0,01893¢50100 079 ISHHERCULES BARREL90+09¢1%) vLoV 739V
CALL SYMHOL (Cec651C 4835940792 MCONSTANT TWIST BarRKEL+D,0992]) Juy0 76y
CALL SYMHOL(CecHe7450421027H TORQUE COMPARISIUNS 1 U4099427) wY007410
A-15
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FURTRaN 1V & LEVEL 21

0563
uSes

0565

0546
0567
0564
05¢9
0570
0571
0572
0573
0574
057s
0576
0577
vs/’8
0579
0580
0581

CALL

caLL
@

CALL

MAIN DATE = 15166 07/44746

PLUT(195¢090¢04=3)

AXIS(0eUs0sueI3RTIME FrOM PrIFMER STRIREL (SECONDUS)»
=334 XP 90,09 TFVeTCV)

AXIS(0,U90e0¢35HTORUUE SPINNING PROJECTILE (IN-LB8S)e

19329 YT490,0+UFVCOV)

CALL
caLL
CALL
Cia
CaLl
CLALL
cari
CALL
CALL
CALL
CaLt
CaLL
CALL
CALL
SToP
END

LINE(JBUATA{L11)+BBLL(1v4) 4+NSETy194209v)
LINE(18DATA(Le]) oBBL2(194) 4NSETe19+2042)
LINE(IBUATALL 1) +BBL3(L9&) sNSET o]l 9+2034)
LINECIBOATA{L121) oBYLHER () 94) oNSET919+1541)

LINE (J8DATA(Ls1) dBLCUN(]94) ¢NSET+]042545)
LINECIBOATA(]4]) yBBLAMC(]14) sNSETe1l9¢3019)
SYMIOL(6,5106741009607920RIA BARREL90.014+]0)
SYMBOL (7390935109007 9120N=146 dARRE; v0,0¢21¢)
SYMBOL (74290944315+007912PNZ1e8 BARREL+G09+¢12)
SYMBOL (74390+4,625+007912FN=240 BAKREL+0.09+12)
SYMBOL (7439093,452+007+1SHHERCULES BARREL»0.U1+15)
SYMIOL (6¢33547,96290407+21FCONSYANT TWIST BARREL90e09+2))
SYMBOL (1+/597¢5¢42)1918HTORULE COMPARISONS+U.09+18)
PLUT(204057.09999)

I

0uov7420
00007430
V0VU7440
00007450
00007460
V00074170
00007480
00007490
00007500
0v007510
00007520
00007530
63007540
90007550
v000U7560
00007570
00 1980
00007590
0U0u /7600
000v7610
00007620




FORTRAN IV G LEVEL 2I AAMC30 DATE = 751606 01744746

00ul

0002
0003
0004
v0ns
0006
v007
ovoa
0009
0v10
Gol1
0012
0013
ovla
0018
0016
0017
0018

0019
0020
vuzl
uy22
0ué3
Gea
002%
Cuch

’(‘

coOoOoO

SUEHCUTINE AAMCIU(X9eX19X29START 3R sRHG 9 AuCRE ¢ PBASE + PULAR y APKOU
1YeToeTlaT2eOYUXyU2YDX29 TORQUE 9 ALEF TeSHEARSEAR)
ﬂ0=-10267975'04
21z 0 26041E~0S
42z 1.49651E-023
83=-4,28221E-0¢€
He= 8.61423E-0S
AASX=STAKT
XX1=XX
XX2=XX#XX
XX3=RXOXX*XX
KL= KXOXXEXXE XX
Y=EHeBl1AXX1eH22AL2¢AIRXXI*ss42X XY
T=Y/R
UYUASE1¢2.2820AK1 ¢3,0838XX2+4, #H49XX]
132YUR2=2.982 +€.°83%XX]1¢12.2b4*xX2
Ti=x1eDYEX/R
122(AOXI*RZYDX2 2 A2RLYCK) /h
TURQUE=PCLAK®TZ
veoe SHEAR akba CALCLLATION, AREA IS Axps SWePls ALEFT IS AREA
esue REMAINING Uh THE ROVATING dAND PER SEGMENT
veoe PRIVE S UrlVING EDtc ARLA
edeo GUMFOK 1S SUMMATION OF FURCES AT RADIUS Tu PRODUCE TORUULE
APLAZ 4 06648000°CYDX
ALEFT=(0eN3346Z7=AREA)®20,0
Surr OR=TCRLUE /K
St AR=SUVFCR/ALEFT
URIVE=(43600/CC5(ATAN(EYUX) )} 220,090,019
BEAR=SUMFOR/UR]IVE
RE Tukh
Eni

R Ty b

00007630
Y0007640
00007650
00007660
00007670
v0007680
06007690
20007700
0v007710
00007720
00007730
00007740
G9007750
vo00776v
yuv07770
05007780
tu00 /790
uN0o 7500
9u$078190
Luvy 7820
Hvo07330
40007840
0000785¢
5007860
vy007870
00007880
0y007890
v000/900
60007910
00007920
v(007930

St Rt S o3
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.




FORTRAN 1V G LEVEL 21 CONST VATE = 751606 Visat /e

0ol SU=RUUTIRE CONST(SLOPEZEND9A9X]) 9 X2 s AFT o ReRNU 9 AEURL 1 PHASE oYy vyyl 7940
179709 T2y TORUUE s ALEF [« )YDXeLU2YDX2 s SFEAR s BEAK) 09U 7950

& 0oL 7960L

Coovsc CONSTANT TalST CALCULATIONS evc09yu79170

C 0Y0u79E0

suo2 PULANZ3,B8063L-0s uLp07999
0003 Y=SLUPE @ (X=ENhD) +aM] 00008000
V004 T=Y/k 00uUB0l0
0905 T1=5LOPE#X] /7K v000E020
vuoé F2=5L0PE#XZ/H v000£030
00067 TO=uUE=PCLAR®TZ 0uu08040
0008 OYUX=SLOPE 00008050
0009 D2YwX22940 00008060
4 ©269 SREAR AREA CALCLLATIUN, AREA IS AMEA SWEPT, ALEFT §S AxtA  000080UT0

C caeo PEMAINING UN Tt ROTATIAG BAND PER SEGMENT 00008080

C «o0e SUMFOR [S SuMMATION UF FURCES AT RADILS TO FRODUCE TORWUE 00008090

¢ oees PRIVE IS URIVING EDGE AkEA v0008100

Ul SUFUR=TIRCUL /K 00008110
0011 ALLE T=0,u3346267920,.0 00008120
0ul2 SHEARSSUMFOR/ZALEFT 00008130
0013 uE ARSSUMFOR/, 1822270 v0o08le0
V014 HE TURN V0008150
0015 tND J000B1€0
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FORTRAN Jv G LEVEL <. FPLOT DaTe = 7Sl166 07/744/46

LCODE IF LCCle=Ce ThE MINIMUMS ANL MAXIMUMS OF TrE SET UF vaties 90006320
TG wb PLOTTED ARE FOUND FROM Tk VALUES 1IN THE 00008330

000} CurwUUTIAE FPLCTINGMoXoYoLLOUE o XM I o XMAR YM N9 YMARX) 000081790
C SURRCUTINE FFLUT VoV08lEY
C & Sud~ WTINE LSING IHE LIAE Phin:SH TG PROGUUCE A FLOT OF UP TO EIGHT 00008150
L USUINLIE ARRAYS VERSUS CNE ABSCISSA ARRAY, FPLOT MAaY BE USED wiTh 00006200 !
C ikt wabi [v COMPILEN. 60008210 !
¢ 00008220 '
¢ INPUT 00006230 !
c N INPLT INTEGER VALLE THAT SPECIF IES NUMBER OF VALUES UF X. 00008240 :
C ™ INPLT IWMEULER VALLE THAT SPECIFIES NUMBER OF SETS OF V0008250 !
C ORDINATES TrAl ANE TO BE GRAPRED, F MAY BE FROM 1 10 8. 00008260 i
cC & INPUT N DIMENSTONAL REAL ANRAY CONTAINING VALUES CF ABSC15SA.00008270 4
c v INPUT N 5y # OINENSIONAL KEAL ARRAY, EACK VALUE OF ™ 00008280 )
4 SPECIFIES « SET GF ORGINMATES, EACH VALUE OF Y(I.M) 00008290 !
¢ SHOULC CORKESPOnU TO ITS ASCISSA VALIE. X(I)e FOR | v0U0u8300 {
c FROM ] T0 W, 00008310 ;
¢ H
¢ ;
c A AND Y ARRAYS, 00008340
¢ If LCOOE=1, THE USEN SUPPLIES ThrSe VALUES IN TRE 10008350
« ARGUMENT LEIST. 00008360 ;
C  AMIAs XMA .+ YMINy YMAX 00008370 '
C THE MINIMLM AR MAXIMUM OF THE VALUES UF TrmE aBSCISSA 00008380
d AND MINIMUM AND MAXIMUM VALLES OF ALL (HE URDINATES. 00008390 !
0002 LIMENSTON XAN) s Y (NgM) s XSCALE(L]) ¢ YSCALE (&) 00008400 :
one3 INTEOER® MARK(L0) /061412030303 040 05006841 ]1,081,1]0,880,, 00008410 !
1L INE (101 sBOT/V o 0/ 40ASH/ t=2/ yBAR/ VIV / JHLANR/Y 1/ 00008420 ;
0064 IF(LCODELEG.L) GC TU 2 00008430 '
C OETeRMINE THE MINIMLM AND MAXIMUM VALUES 00008440 i
0Uo5 AMI =X (1) 00008450 i
0006 VARZEX (D) 00008460 i
0007 1HINZY (e 1) 00008470 !
0008 azxsY(lsl) 00008480 !
0009 T EIRTN 00008490 i
0010 X TEAM I ] (XVIN 9 X (L3 ) 00008500 !
0911 10 XAAZAMAX] (AMAX X ())) gouogslo i
0v12 WU 20 121 eh 00U0RS20 {
013 J0 20 JzlaM v0008530 !
0016 Y asAMINL(YMINef (1 0y)) vy 008540 ;
00ls 20 Y CAASAVMAXY(YMAX oY (E0u)) pY00LHS50
C SCALL aND #10T lue FOINTS 00008560 |
0016 2 KIFCzxaX=XFEIN) 710 50 w008 70 }
017 Y.MGS{VEAX=YMIN) /SU, 0000&E%80 J
J018 Y ABARZYMAX 00000550 i
L9 ASCALE (1) 2XMIN voulE600l !
00,0 L 110 i=2411 00008610 i
V04} 11U XA50aLE ([)=XSCALL (1=1) + (XENC®104) 0008520 i
22 Y& JLE (1) =YMAX 0000u630 {
0ne3 UL 120 =246 00008640 1
A 120 Yl LE(D)=YSLALL (I=1) = (YINC?10.) 010006650 ;
0025 ListCT=1v 20006660 ¥
0026 1F (4=11]1504190+1€0 0900uET0 !
GUET 160 MAKRK (])svasin(9) T LT.Y-10) {
* w128 150 LY 1300 KI=lebl 0000u0y0 ;
{
A-19 i
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FORTRAN IV o Luvip

0029
0430
o3}
0032
0033
0034
2035
0036
0037
u03s
0039
0040
004
0042
[T % }
0va4s
0045
0946
Ova7
vg4s
0049
vgds9g
dunl
vus2
0053
0054
00sS
00s6
0057
0088
0089
0060
0uét
gouel
00€3
viEs
00¢5
0066

v0e7
00e8

lav

17u
1nl
190
2ot}
180

1100
1300

2ov
210
1500
2002
2003

9000
9001

‘41 FPLOT DATE = 75166 V1744746
O 140 y=1410]) 0go0o0L700
LINE (U) =3LANK 000U8710
QU 161 Kz)M 00008720
LY lol L=l 000U8730
l?(Y(LcKl.&T.YNAXK.UR.Y(L¢R).LE.(YFAXX-Y!NC}) GO 10 161 00008740
NAL=(R{L) =XMIN}/XINCe} V0008750
EF(LINt(th).EL.ELANK) GO 10 170 00008760
IFLLINE (NXLUY oEL MARK(K)) LG TO 170 00008770
LINEINXL)=MARK (1 0) 00008 /78¢
L0 TO 151 v0ou8790
LINE (NXL) 2FARK (K) 00008800
“UNTINUE UV0084810
YMAXXZYMAXX~Y INC 000v8820
FEAUINECT=2U) 160,150,160 00008830
LINECT=] 00008840
aRITE(64200)) rSCALt((KI*lO)/lO),DASH,LINE 00008859
FORMAT (¢ Y9F14459A191014A10) 69008860
w0 TO 1300 voo08s87o0
LINECT=LINECT o] a0008880
WRITE(691100) COTGLINE 00008890
FORMAT (¢ '414Xyal4101A]) 00008900
CONT INUE 00008910
JO 200 I=14]0} 00008920
LINE(]1)=00T 00008930
v0 210 I=lsl0ly]v 00008940
LINE (I)=ran 00008950
whITE (651500) LINE 00008960
FORMAT (1 'y1%Xsl0ia)) 00008970
AITE(642002) (ASCALE(I) ¢1210)])42) 00008v830
FORMAT (¢ Y20 (2KeF 14,594X%)) 00008950
wRITE(692003) (XSCALE(I) 91=24}0,2) 00005000
FORMAT (¢ Y2 l0Xe(2XeF14e594X)) 00009010
XINCH=XINCO10, 00009v20
YINCHEYINC® 6, 00009030
ARITE (£49000) XINCoYINC 00009040
FORMAI('0"ZUX"x-lNCREHENT='sElS.bo2Uxo'Y‘IACREMENT='oEIS.6) 00009050
anTE(b.QOOl)AlN(hoYINCH 00099960
FORMAT (* 14520Xy ! X=SCALE IS '4€164691 PER INCRY s ) 1X9 ' Y=SCALE 1S ¢, 00009070
IE1b.o0t BER INCHY) 00009080
RETURN 00009090
ENU 00yv9100
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A

FORIRAN IV 6 LEVEL @) GAINP 0Alt = 7%)66 0774474k {
t
avul SUBRUUT INE GAIhp(JOPvAcAPv]ofl,T?ofORUUt!ALEFTthDYUXo w0uvY10 !
102YDXZ, SHEARYBEAR s K 9 X1 9 X2 9PBASE s START ¢ R e APCLAR y APKGJ o K10 o 96004120 !
ZAUURE ) 00005130 ‘
¢ 00009140 |
ouoe XRzXeXP 00005150 :
DR IF(XXeLELN.0) GO JC jo 00009160 ;
vOuL Y=pa (xxewa) 90009170
0005 1=Y/R 00009180
0005 tzn=1,0 00009190 '
0007 INZAUS (A=2,u) LUv0%200 ,
0005 YIASARPE (XX08AN) Go0uY210 .
(U] VEYUX2SANRAGP/ (XX ¢®i3h) 10005220 :
velo f1=0Y0OX®X1/K 3009230 ,
voll T2z (UYDXPX2eL2YUX2#*X]19X1) /K LUuUYeso ;
vo12 TORNUE=APOLAKS T 2 VU0U9250 .
c “000 SeEAR AxbA CALCULATION, AKEA IS ARFA SwePTy aLEFT [s AvEA  UBV09260
¢ gees e MAINING ON THE ROTATING BAND PEk SEGMENT 00009270 X
L voee SUMFOR Is SLMrATION OF FURCES 4T KADIUS TO MROLULCE TOKQUE VIVUY2ED :
< vveo pRIve IS ERIVING EUGE AKEA U100929y f
VL1l ASIUE=, 36007005 (ATANIOYDX) ) TR
tUle HSINE=N,360494 vo0vY310
t01s CSII=0.3600% (LYCX~0,05240/8) U00UY320
¢3ln 9SiNE=0,506% (ASTOE 4SS ICE+CSIUF) YuUuy 334
v/ GSiE=SART(((SS1UE=ASICE) ® (SSIDE-BSIDE) ¥ (SS10E-CSIVE) /SSIVE) ) 00005 349
w4 AREAZQSTE9551CF 00009350 !
vty ALeFT=(4,03366Z07=aR 4) #2040 NOFDLRE '
Guer SRIVESASTOE®20,090.02% uJIu09370 :
Uiel SUMFUR=TORGUE /% 0000938 i
Uve? SHLAR=SUrr CrR/ALLr T veu0Yy390 |
vos vl ARz SUMFOR/DR I VE 0OUU9400 :
urse U TU a0 6uL094l0 !
Vucs 10 we11E(6420) Jya V009620 !
024 0 FORIAT(Y tyteouovanaedos  Ju1,14,1 N=toFbelrt XA IS5 JLE. 00009430 {
1ZE DY) 00005440 :
VG, 7 40 (o T INUF Ouuusaso
D P ~E TOkN yuuU9460 !
VU9 t'. . Quu0se /¢ i
]
§
§
%
{
|
[
!
¥
1
1
13
A-21 !
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vl
0402
vuo 3
s
0g0s
[{TiVCY
gou7
vooa
V0Yo
0010
00l
oole
vo13
001«
uY1ls
0Glo
uo17?
0018
vdl19
v020
0921
0022
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Copy avcilable to DDC does not
permit fully legible reproduction

4] LEGENV DRIE = 751606
S1sROUTINE LEGENG (X020 YPPP)

YP=YRPP
SYMAP=XP=,24

YYPzYPe 07 "
AL ST (SYr AF 2 SY TP e o 0]l e 09~1)
SYMAPZSYMXP=e 2}
(AL SYMBOLISYMXF oSYVYPeol%9llsvele-a
AALL SYMOL (AP 9 YP s ¢ 1496MTURUUE vU 00
ti’:Yp-,e

Lot rPESYNMYFPe, 2
AL SYMUEOL (SYMArgSYr TP ee 4020000~ ])
SY“2:-=GYMRF e, 2]
Chnt SYM0L (SYMAF 9SYNY g o1l et Qo=n1
(ALl SYMoOL (AP o YP e 1a o J4HBEARING STRESS+0,Le ]G]
12Yk =42
SYMVYEZQYMYF=,2
(ot DYM0L(SYM Ak eSYM P o ]ae]l90,09~1)
SIMXPESYNXP=42]
LALL SYMHOL (SYNMAF 9 SYWYP e o 14 vl yUet~S)
Carh, SYNROL (XPeYF 94140 12HSHEAR STRESSe(ra091e)
ey TanedN

[N

01744746

00UU9480
000u9450
0UYOSSuL
00009510
N00uySeD
00009530
V00USS4l
00005550
00005569
2000%570
90005530
00009550
YN 09600
(09010
Y00090620
QOUUYE30
(09060
JUYUS650
0OYu €Y
1WUVYe, 70
a00uyoal
G000Y690

o s v ————. &

et e e+ s gt e e s < 2o




F URTRAN Jv O LEVEL

Vool
veo2
0un3
0d04
u0%
090hH
V7
oygA
V009
0ul0
Vo1l
vule
(13K}
Vuis
0015
0016
0017
uois
019
0920
Quel
w2e
023
Uca
0025
26
uul?
Sleh
Buey
v
vyl
vu.J2
0033
0v s
003Y
0din

19

11

2i LEGND] vATE = 7S5l66
SUrROUTINE LEGAMUL (XXX e YYY sNUM)
XPAGE=X XA
YPAGE=YYY
SYMAP=XPAGE =, 2&
SYNYP=YPAGE +. 07
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